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The unbalanced world 


ORE THAN a vear ago the editors 
of NATIONAL GEOGRAPHIC became 
concerned that while advocates and 
detractors of oil, coal, and svnfuels, nuclear, 
solar, and wind power competed in the daily 
press, there were few reacily available sum- 
mares of the energy situation. A large staff 
under Science Editor Kenneth F, Weaver 
has assembled sucha picture in the hope that 

it will help inform the public. 

During the year things did not improve. 
We still have no national energy policy. 
Energy prices are still inflating others. And 
Mr. Weaver's scenario of the consequences 
ofatuture Middle East breakdown is under- 
scored by the present Iragi-Iranian conflict. 

Events in the United States, however, are 
only a part of basic changes in the fragile in- 
ternational order of things: Since 1945 world 
events have been controlled by the balance 
between the two superpowers, the United 
States and the Seviet Union, and the re- 
sponse of the Third World to their actions. 

That pattern was broken with the emer- 
gence from the Third World of a privileged 
group, the relatively few oil-producing na- 
tions that hold the economic health of indus- 
trialized societies in their hands and cater to 
netther Moscow nor Washington 

And a Fourth World has emerged, that of 








the very poor, with no chance whatever to 
educate, house, care for, or fully employ 
their teeming populations. Rising enetey 
costs have deprived them of reaching even 
the minimums in this century. 

A World Bank official estimates that the 
cost of providing minimum-level nutrition, 
water, shelter, and energy to more than two 
billion people in the poor nations of the 
world will be a hundred billion dollars.a year 
for the next ten vears—and 40 percent of 
that huge cost will be for energy. 

One way or another, the United States 
and other “have” nations, who use most of 
the world’s enerey, will devise stratagems to 
survive. But for much of the world, govern- 
ments caught in the crunch between huge 
balance-of-payments: deficits and sinking 
living standards will find it difficult to re- 
main stable, much less prosper. 

A chiel problem facing the new acdminis- 
tration in Washington is devising an energy 
policy that encourages American economic 
growth while coming to grips with the inter- 
nutional economic balances that are being so 
radically altered by the pressures of energy 
cost and social unrest, We wish our new 
leaders luck in this most difficult task. 
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AMERICA’S THIRST FOR IMPORTED OIL 
Our Ener: lV 
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1973 Crude oil in a fine 
Watertord ervstal pitcher 
symbolized the rising 
price of petroleum when 
the GEOGRAPHIC 
photographed a smiling 
Kuwaiti for the June 1974 
article that warned of 
imminent oil shortages. 








1980 «sn seven vears the 
world market price for 
crude had soared from $3 
to more than $32 a barrel. 
World supplies were 
threatened as the war 
between Iraq and [ran 
dragved on. 


1985 Conservalive 
estimates project a price of 
$S0 a barrel, even if peace 
is restored to the Persian 
Gulf and an uncertain 
stability maintained. 


By KENNETH F. WEAVER 
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STIS THE SUMMER OF 1983. Violent 
uprisings have shaken Saudi Arabia, 
and the House of Saud has fallen. For 
months the nation has heen kent Ln tur- 
moi by dissidents with strong religious 

and anti-Western feelings: ultraconserva 
tive Muslims of the Wahhahi sect, angered 
DY corruption among some of the ruling 
princes and embittered by the erosion of 
family and tribal values: and disaffected 
foreign workers, many of them Palestinians 
stirred up by radical forces in other lands 
Oil no longer flaws from rich Saudi fields 


Critical elements of the oil distribution 








system, systematically wrecked. lie in ruins. 
The giant terminal at Kas Tanura, which 
once sent half a dozen tankers a day down 
the Persian Gulf and out to the ¢lobal oil 
routes, rusts silently under a scorching sun 

The free world has lost a fifth ofits oil sup- 
piv—some ten million barrels a day 

ror a bref time the United States seemed 
not to feel the loss; its daily share from Saudi 
Arabia was less thana million and a half bar- 
reis, and there were stockpiles and a small 
strategic reserve to draw on. Hut events 
have destroved any complacency. The oil 
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losses at the outbreak of the [ragi-Iranian 
war, has long since evaporated. Bid up by 
the worst panic buying in history, prices on 
the spot market in Rotterdam are skyrocket- 
ing-—$80, $100 a barrel (see definition im 
glossary of energy terms, page 23). Official 
prices of the oil cartel are heading for similar 
levels, if more slowly. 

The. 21-nation International Energy 
Agency has called on its members to fulfill 
an agreement signed in 1975: In the event of 
a major cutoff, they are to share their oil. 
Honoring that promise is costing the United 
States nearly three million barrels a day ad- 
ditional, for Western Europe and Japan are 
far more heavily hit than we are. Our totai 
loss is now more than half the oil we were im- 
porting before the Saudi collapse. It equals 
more than half of all the oil consumed by our 
160 million motor vehicles, 

Domestically the effects are disastrous. 
Critical gasoline shortages have brought 
endless lines at filling stations, even though 
prices have reached painful levels, Violence 
frequently erupts when the pumps reach 
empty, and thefts from gas tanks are epi- 
demic. The President has invoked the 
gasoline-rationing plan passed in 1930, but 
it will be months getting into operation. 

Meanwhile, transportation is hamstrung; 
we are far short of the 110 billion gallons of 
motor fuel we are accustomed to burning 
each year. Many workers cannot get to thetr 
jobs; productivity drops. Businesses depen- 
dent on gasoline, such as shopping centers, 
resorts, motels, are suffering heavy losses. 

All economic indicators are tiving red 
flags: Unemployment has already climbed a 
million. The stock market drops daily. In- 
flation has passed 30 percent. 

And all for the want of imported oil. 


| HAT YOU HAVE JUST READ is, of 
| COUTSe, aN Imaginary scenario. You 


may jugele the details, but many ex- 
perts believe that something similar ts.al- 
most certain to happen somewhere in the 
Persian Gulf within the next few years. Even 
as this is written, the bitler struggle between 
Traq and Iran threatens to trigger all kinds of 
explosive disruptions in the Middle East. 

Think back on the trauma of the gasoline 
lines following the Arab oll embargo of 
1973-74 and the Iranian revolution in 1979. 
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The losses were puny then compared to a 
cutoff of Saudi Arabian oi] or-—worse vet— 
all Persian Gulf oil. Yet the impact on 
American motorists is still a vivid and un- 
pleasant memory. And the embargo, which 
lasted only six months, helped trigger the 
worst U.S. recession in 40 years. 

The simple truth is that the United 
States—and most of the rest of the world— 
has an insatiable thirst for petroleum. 

This unbridled appetite has left us vulner- 
ably dependent on some of the most politi- 
cally unstable parts of the world, bristling 
with ancient feuds, religious hatreds, and 
nationalist ambitions. Sizable amounts of 
our petroleum—called “hostile oil"—come 
from Libya and Algeria, neither of which 
bears any love for the United States, At any 
moment, as we haye seen three times in less 
than a decade, war or revolution or political 
action in the atl-producing states can ab- 
ruptly cut off shipments of vital importance 
to the West. 

As London energy analyst Jonathan P. 
Stern sums it up: “Western vulnerability ts 
such that any destabilizing force that even 
remotely threatens oil production sends 
massive shock waves through the industrial 
world. So delicate is the balance of the world 
oil supply that the cessation of supplies from 

_, even a minor producing country for 
a comparatively short... time, . . causes 
major dislocations in supply and price.” 


jOW DID WE GET ourselves into this 
Be dangerous predicament? 


The answer is clear. Of all the com- 
mon fuels, ot] is the most portable, the most 
convenient for transportation, the most ver- 
satile: It has seemed endlessly abundant. 
Above all, it was—until recenth—cheap. 
Only adecade ago crude oil sold for less than 
two dollars a barrel. 

And so we became addicted to oil, We 
built.a way of life around it. Our love affair 
with the automobile has been possible be- 
cause of it. Last vear just under half of our 
encriy needs were provided by oil. 

But since late in 1947, when the United 
States became a net importer of oil, our own 
production has not been enough to sustain 
this life-style, Over the years, as demand in- 
creased, the imbalance has grown steadily 
worse. (Continwed on page 16) 
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1758—First recorded 
commercial shipment of 
American coal (32 tons from 
Virginia to New York). 

1825—First natural gas 
extracted in the United States 
lights streetlamps in Fredonia, 
New York. For decades natural 
gas is regarded os o flammable 
nuisance. ft does not become a 
Practical industrial fuel until 
the end of the 1920s. 

1859— Oil strike at 
Titusville, Pennsylvania, 
starts U.S. oil industry, but 
petroleum does not become the 
primary UL. 5. energy source 
for nearly a century. 

1879— Electric streetlamps 
replace goslights along 
Broadway in New York City. 

1885—Coual surpasses wood as 
the main Cf. 5. energy source, 








1913—Ford assembly-line 
production brings car prices in 
reach of millions. 

1947—L!. S. changes from a net 
exporter to an importer of oil, 

1950—Oil surpasses coal as 
main U.S, energy source. 

1957—\First sale of nuclear- 
generated electricity. 

1970—U. S. oil production 

197 1—Federal price controls 
alter mre petrofeum. 

1973—L. 5. notural-gus 
production peaks, 

Arab nations embargo oil 
exports to the United States 
for six montis. 

1974—World crude oil prices 
quadruple between October 
1973 and March 1974, 

1975—Congress passes 
Energy Policy and 
Conservation Act, which 
further regulates prices for 
domestic off and provides for 
the Strategic Petroleum 
Reserve, automobile 
fuel-efficiency standards, 
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and a variety of conservation 
measures. 


1977—Department of Energy 


established; Solar Energy 
Research [Institute formed. 


1978—franian revolution causes 


slowdown of Iranian oil 
production and halts 
exports for three months. 


1979—Jn Pennsylvania the 


Three Mile Island nuclear 
accident brings about a 
moratorium on niuclear- 
power-plant licensing. 

World ofl prices double as a 
result of panic buying induced 
by the [ranian cutoff. Domestic 
crude oil averages $14.27 a 
barrel. [mported crude ail 
averages $21.67 a barrel. 


1980—At the December meeting 


of the Organization of 
Petroleum Exporting Countries, 
Saudi Arabia sets $32 a barrel 
as tt base price for crude- 
oul exports. 

Iragi-[ranian war begins: 
oil shipments from both 
countries are interrupted. 
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(Continued from page 4) Domestic oil 
production peaked in 1970, In every year 
but one since 1967 we have used more oll 
from our proved reserves than has been 
found in new reservoirs. 

When our own oi] production became in- 
sufficient, it was all too easy to supplement it 
with cheap oil from abroad. A few voices 
reminded us that petroleum was a finite 
resource and that we should prepare for the 
day when it would be exhausted, But hardly 
anvone paid attention. Foreign purchases 
meant little until the Organization of Petro- 
leum Exporting Countries (OPEC) qua- 
drupled crude-oil prices during the 1974-74 
embargo. Instead of $3 » barrel, the liquid 
black gold was suddenly priced near $12. 

Shock surged throughout the non-OPEC 
world, Of the large industrial nations only 
the Soviet Union produced all the oil it need- 
ed. The less developed countries, with far 
less money to spend, were stunned. 

Dismaved by the dwindling purchasing 
power of the dollar, OPEC continued to 
ratchet up its prices. By 1980 the bench- 
tark, or base, price had been set at $32. 
Many oi! countries charged substantial pre- 
miums, and traders on the spot market de- 
manded even more. 

In 1970 our national bill for imported oil 
was three billion dollare. In 1978 it was 42 
billion. In 1979 it topped 60 billion. In 1980, 
even though conservation efforts and the re- 
cession significantly recuced the volume of 
oil imports, the price for those imports 
reached the staggering figure of &0 billion 
dollars. That was a quarter of a billion dol- 
lars every day for imported oil. 

Such adrain has seriously skewed our bal- 
ante of trade, Last year all our agricultural 
exports, on which we depend heavily to 
make up our trade deficit, amounted to only 
about 40 billion dollars. 

This hemorrhage of monev has plaved a 
significant part in the weakening of the 
American dollar in international exchange 
and in stimulating inflation at home. Reces- 
sion and unemployment have been aggra- 
vated. And not the least of the repercussions 
is the haunting fearthat action to protect our 
foreign supply of petroleum will lead to a 
major war. 

In evervy Wav We are paving an &xtrava- 
gunt price for our energy-rich way of life 
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The probiem has not been entirely oil, of 
course. The whole U, 5. economy has been 
heavily dependent on cheap energy—cheap 
electricity, cheap natural was, cheap coal, 
cheap hydropower, as well as cheap oil. 

Except for hydropower, which requires 
no fuel, these energy sources are no longer 
cheap, and their escalating cost is itself a 
serious matter. But none poses the sobering 
threat of economic dislocation, social dis- 
ruption, and national peril that accompa- 
nies every barrel of imported oil. 

What's to be done about it? Can the 
American people find long-range solutions 
to this problem of voracious demand versus 
uncertain supply? Can we manage to get 
through the critical years until the big solu- 
tions may be ready? Linderstanding s1x basic 
truths about energy mav help. 


1. Weare not running owl of energy— yet. 


lt is an irony that we should be caught in 
anenergy bind, The United States is one of 
the richest nations on ¢arth im enerzy raw 
materials. We have the world's largest single 
share of coal reserves. Even though we im- 
port oil, we are the world’s third largest pro- 
ducer of petroleum. We are at the moment 
virtually self-sufficient in natural gas, And 
we have by far the largest nuclear power 
output of any nation, 

Further, as energy prices escalate, it be- 
comes more and more profitable to search 
for ways to exploit: marginal resources, For 
example, conventional oil pumping. can get 
only about a third of the ot] owt of the 
ground. But so-called tertiary methods, 
using steam, carbon dioxide, or detergents, 
cain eke out additional amounts, Similarly, 
high prices are leading to allempts to wrest 
oil from shale and other formations that do 
not give up their wealth easily. 

Though our known gas reserves have 
been shrinking rapidly, optimists are excited 
about prospects of enormous unconvention- 
al deposits, especially in “tight sands” for- 
mations. If they can be exploited, our usable 
gas reserves would be expanded manyfold. 
2, Fossil fuels are, however, finite. 

The bounty of hydrocarbon fuels—coal, 
oll, and gas, which biology and geology 


conspired to trap underground millions of 
years ago—is limited, and it is not being 


Pepa a t DALrel OF OF 15 DUNE nm ii i I al ri ven Pil 
rt rever nt With thet oon | nal 
ver the io eep of history, human =I Ces Of CONVeEnti ntl to Ost 
bet llook backand note withawe(and depleted rit 
narrin) that th ancestors stripped th Chl com officials conc iat the 
hia nt) i th chaustible endow Pos hect Or Lmnaine h more U.S. ol 
ment With | n of a few hunelre Li Ls [hy if Kol A 
Pwentiet! COCury pee | ne Wei Vin Chet ri Th, thi 
Ve use he bulk of me run i ii i he dechy 
Wier ana Le e that. d wan Urves On cru | cin the | 
CLUTPENL TPE Lil rl ite 1 le] | Li i | ETT Ee] ETLEre i y |i 
1k cli frie LIP TP 1 | i ij if | if 4 SK: 1 nn iV rl 1 
Fas can only be-slowed, not halted lhoe Ba find in | iste 
if ;: F 6 te whe = - Lk. | 2 = Be j a 
: LCE 4 LDC Led OuUrce lowe =f CWC Bh ([OAESTed 1 8 Tie +L Var 
ome through, ras r ch be in the cu nt rates of | Lic] 
nother ten Vears at recent rates of use, with- Von overn po indicate 
oWlany lurtheraddttiions. And the ni irc the situation abr it mu ferey 
nist decane have ave “1 4 Lil prod let | o of 
ul of what onsumed preciucer mM ert bes 
cl Situ 1 0 clot in thie 4 x, Ln h North 
Ct i [ he | | Ey i i Figs 15 ee 1 a | pei 
ief scientist at the | Bureau of M Arabia's wealthy ol Lia sees 


FEWER IMPORTS, MORE CONSERVATION, 
INNOVATIVE NEW SOURCES 
78 QUADS 


NUCLEAR OTHER 
2.9 31 


fO8 QUADS 


OTHER fi? 
89 QUADS 


OTHER 
AUCLEAR 


NUCLEAR = f/.3 


67 QUADS Py 
NUCLEAR OTHER 

2 2.J 
COAL COAL = 26.5. 


MAT URAL 


GAS elt 


DOMESTIC. _— 
Oil é2.3 
IMPORTED 


(0h 


/970 


Oi in the United States was 
plentiful and cheap. in 1970 
imports cost about 3 bilan 

dotiars. Deipite the 973 Arab 

ov barge and subsequent 
soaring prices, the Uy. §. 
mare than dowhled oil 


imports i an ite “70a. eonkervedion and recession. fusl-efficiant ‘cae axel hasnde. 


127 


SATUAAL 
GAS AAT URAL 


NATURAL CAS 


GAS 


[ya 


DOMES TH 
OTL 


DOMESTIC pete 


GIL 
Li 


20.5 


IMPORTED 


IMPORTED 
ONL 


IMPORTED 
DIL IL 


ef | 


2000 

By (979 the U.S. off In the “80s od imports wil = The ecomomy will [kely shift 
mmiport bill pe eal be comtrained, domestic from of) and natural gas to 

to &0 Bien ra production encouraged by coal, ouclesr, and synthetics. 

andenergy ua peaked = = price decontro/, and r Coal will become tie nation’s 

at 77 quadriliion Bron. plants will convert to coal. primary anergy source, 

in MO consumption h ovelear may 
declined, reflecting become the maj 

producer of electricity. 


1980 


GTS AAD CS ae A 
CCGG) SPREAD AT Ae Pee 





ENERGY USED IN 1960 


BY U.S. POPULATION 187 MILLION 


13 QUADS 


EFFECTIVE US 


COAL EXPORTS 


DOMESTIC CHL 





APORTED OIL 


RAW MATERIAL USE 7 QUADS 





tas to appreciate thal 
out within a few decades 





“ ce obstacles are not technolog 
Coal 1s the one fossil fuel whose reserves tu nstituthonai—tor e¢xan ple PPessure 
ire $0 Immense that they are not in danger from interests that feel they would 
if exhaustion within the near future. But versely affected by new developments, o1 


ni ee nansion p lagi j 
Pik pal LES 


= = 5 ‘ n 
Paes TO Oat LTaAs- The 


® 1 

’ ntl - ty | . Th 

ia.on the parr Wilders, unions, archi 
. 1 fF 1 
Fg Line i 0 Pe ad am | eri oti Lis incl (The 

1 1 } | 
Coal poses special problems of serious pollu vIn pul 
i | TH | = 
wary limit its usefulne 


wie hil fet WETS 
a aE a oo = "* L ¥ eh 


mort  citticult. Moreover, the burning o 


J ' 
F I f 1 i ' 
ahh I Lbed | a4 = | 


One has to look back in history only a little 
Way Lose ow the most ambit Ws TM 
‘ , ee roawry. In 1973, at the-time of the Ar 
J. Dhere wo quick fi wT 
embario atainst the Lnited States, the ad 
Americans like to beleve that lechnologs 


ministration unveded with much fantare 
Projyect Independence, Said the President 
t hard enouch and throw enouzh mone By the end of the decade we will 
at it. After all, we sent men ta the 


rene . wren = ofa | oF = |= uri Se =) 
will soive any problem quickly uf we work 


BE el 


| 7 7 
r j 3 . a ' 
Lai i | ray Ca Lene re' rit Pu VW i ee li iis i ne oy 
F 
1 j "| 
a ' i | ss i 
Loin yt iL OTElzgn enocre: Sources 
i a po 
"7 1 s _ —— 1 i — | F | ro . 7] i 1 . 1 = 1 
Aut in the case of enereyv su L bebe? loday, after more than seven vears, wi 


4 ‘ = | | , f ro , + . ie 
compounded of wishful thinking and a lack ire imentenmely further awevy trom enere 
nodenendence (than we were then. The much 


rictable heralded plans for hitte Inc reeses in huclea! 


ENERGY USED IN 1979 
BY U.S. POPULATION 221 MILLION 


COAL EXPORTS 


HATUAAL GAS 


RAW MATERIAL USE € QUADS 


DOMESTIC OIL 


IMPORTED OIL 





Ui Gore TOnSsMLssion nes, Od COMVETSLON Losses Ln tie production of 


—~ il epoca , | =. ryt ta - 7 5 F E | eet ] oy i 7 
SLE cl 1 tai! Coy tT DT hiTpe This . red ere LCL ira il ga Pra ee ty ree (i 5e 








EnETEY, coal PrOguUCcliOn, Ove lopment i] HOWE, and so on ou Wy l] be OW In com 
shale ol, and coal liquefaction, were alllaid ing, although the Department of Enerm 
aeiche or delayed has been working toward a goal of 20 per 


Untortunately, all the maior solutions ent from those sources by the vear 27 
thatmay have aswbstontial effect on our fuel And fusion—the great hope of abuneclant. 


Sup DIV are Vvears away, Wually muchturther  renewab 


1 
iF 5 oe om = i ee. | Labi =s . beh 
CeAnCrey—isl Le] ew VERS OF Mire 





than their sponsors care to admit. The: away, @even though the 5600,000,000-a- 
require development and careful testing of vear federal program is ¢xpected to becom 
new technologies, mobilization of man. 


lions of dollarsinnew Caplin ati ich interest ric teCHNOLOTIC Al ACiVANCe aNnVWwhoere 


LI - the largest effort ever concentrated on a sin 


rates, and construction of figantic facilities 


They often invelve such risks that privat 


enterprise will tackle them only after exten- Virtually every proposal for adding to our 


4, There is no free lunch, 


ave subsidies and guarantees by the federal energy supply involves hidden coasts, un- 


ei a ii § 1 we + 5 1c . + aha 
fOVernment nlensant side effer and uncertainties 


y ‘| s] . 1 = 

“r= Fe a # . 1 =e sy i ' =, “ rh 7 5 = paso = . 2 me 
| bbe Casio, Ene mF uo lyst. Cat iwUCleal Ciier es ro I oa UD | ee aria 
. 


. Th! 1 . - = . r =a E - . | m 7 I | wh | F =o 7 rt | e lak 
expectany large contributionfromsuchnew  provides.atenth of the electricity in the Unit 
Ici : fs shalt Hi oll from coal Lt] rcother- CO SLaAles, An wold pe anal Bor Ta cl “{- 

. b I J LE ELE i l L i ol i i { 
mal energy until the 1990s or lates PansI0On WT censing procedures were erealh 


Ihe renewables—biomass, electricity speeded up. A dozen new plants could be hi 





Las i OMEN Ne il chy iy UF 


e i 5 s = hi —— — 1 t - 
[rom the Sun. Ocean thermal @¢nerr era Ce A= 


—_ i 











PHE FUELS shown 
here ac count for about 94 

‘percent of the world’s | 
energy production 

297 quadrillion FAtu's in 
1979. Coal fills 27 percent at 
the global energy budget—a 

rate of use that would not 
deplete known reserves. 
until the 22nd century, Oil 
supplies some 134 quads a 

year—a rate tlhe t-would 
exhaust | present reserves in 
about 30 years, But oil 
oon sumption: ecnti Tues to 
rise; many experts think it 
will peak around the year 
-2000-at about 165 quads— 
exhausting known 
TesOurces MUC h sooner, 

Some wer vlowists estimate 

that yet-to-be ctise overed 
deposits of otf and gas will) 
equal present reserves, New 
coal resources may double 
those we now know of, while 
UrAniuEn may exist in 





quantities several times the 
proved reserves. 

Nature was not 
democratic in dispersing its 
wealth. Many areas of south 
Asia, thouch teeming with 
penile, are enerey starved. 
The vast interiors of Africa: 
and South America appear 
as fossil fuel deserts 
These regions, however, 
have been little explored, 

The industrialized regions 
to the north, rich in coal 
and uranium, are also 
comparatively well off in 
oi—the U.S.5 RK. bere the 
world’s larzest producer, 
and the United States 
number three, after Saudi 
Arabia. There are critical 
exceptions: Japan must 
import 90 percent of all its 
energy, while Western Europe 
—whose anly significant oil 
lies in the North Sea— 
imparts more than hall, 

AS Gnerey resources rise 
in value, they gravitate to 
the developed nations, mostly 
in the north, where only a 
quarter of the world's people 
enjoy some 80 percent of 
its wealth. The growing 
disparity between these 
nations and the poorer ones 
to the south has spawned a 

“north-south” dichotomy in 
world politics. 


vear, according to the Nuclear Regulatory 
Commission. All told they would increase 
nuclear megawattage by 25 percent, 

But nuclear energy bears the handicap of 
worry over tadioactivity—a worry that has 
been sharpened by Three Mile Island. The 
breeder reactor conjures up fear that the 
plutonium it produces might increase prolif- 
eration of the nuclear bomb, 

Coal also poses serious handicaps. Unfor- 
tunately it contains sulfur and other unde- 
sirable substances, such as heavy metals, 
which are only partly removed from burning 
emissions despite costly and difficult proce- 
dures. The sulfur emissions damage human 
lungs; they combine with moisture mn the at- 
mosphere to form acid precipitation that de- 
faces monuments and buildings and kills the 
life in countless lakes. 

Of far greater portent is the accumulation 
in the atmosphere of carbon dioxide from 
burning coal and other fossil fuels. Carbon 
dioxide tends to trap heat on the earth's 
surface; in sufficient concentration it could 
create the dreaded greenhouse effect. 

Studies in both the United States and the 
United Kingdom forecast that the concen- 
tration of carbon dioxide by the middle of 
the next century will be double what it was 
before the industrial revolution. 

Such a concentration, say some scientists, 
could increase average global temperatures 
by two degrees Celsius, and polar tempera- 
tures by as much as seven degrees, That 
much warming, slight asit may seem, would 
seriously affect distribution of rainfall and 
could create deserts of much of the Northern 
Hemisphere breadbasket. It would be an 
irreversible catastrophe of unparalleled 
magnitude, affecting all mankind. 

Other energy sources offer their awn pe- 
culiar problems. Svnfuels involve extensive 
strip Mining, enormous cost, and demands 
for water that may be prohibitive. Solar 
electricity. also will be costly. And it may run 
into interesting legal problems: New Mexico 
isthe only state that protects a solar collector 
from being blocked by another structure. 

Wind turbines will have to be given sites 
with great care to avoid aesthetic problems. 
The noise they produce has proved to be 
objectionable in some cases, and in large 
numbers they may create interference with 
communications. 
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Aleohol from agncultural products for 
ise in Cars raises the specter of food versus 
fuel. As Lester Brown, president of the 
Worldwatch Institute, warns, “The poten- 
tial demand is virtually limitless: even con- 
yerting the entire world grain crop to alcohol 
would not provide enough fuel to. operate 
the current world automohile fleet.” 

Finally. the burning of biomass, favored 
by some environmentalists, greatly worries 
others. They fear that there will be rapid 
destruction of forest lands and serious dete- 
roration of agricultural soils if they are de- 
prived of organic matter. 

There is, indeed, no free lunch. 


&. The energy problem is global; 
what we do affects everybody else. 


Americans, who spend more than a quar- 
ter of the world's energy output, have been 
called a consumption-drugged people, The 
average U. 5. citizen uses the energy equiv- 
alent of a barrel of oil every six days. 

“The rest of the world looks with virtual 
disbelief” at our energy failures, savé a pre- 
liminary report to the National Academy of 
Sciences’ Committee on Nuclear and Alter- 
native Energy Systems, which led to the ma- 
jor study Energy in Transition 1983-2010 
(the CONAES Report). And even Saudi 
Arabia, our strongest OPEC ally, is said to 
be disappointed in our conservation efforts. 

Heavy U.5, demands for oil are of imme- 
diate consequence to other nations: Western 
Europe must get 55 percent of its energy 
from oil; Japan gets 75 percent. And since 
most of these nations have little or no oil of 
their own, U. 8. competition in the oil mar- 
kets of the world is significant. 

A new competitor may soon complicate 
the situation further. The Soviet Union now 
regularly exports part of its 12 million bar- 
rele a day to its satellite states in Eastern 
Europe as well as tothe West. But according 
to estimates of the U, 5. Central Intelligence 
Agency, Soviet oil production is about to 
peak and will soon drop; by the mid-1980s 
the Soviet Union will be an oil importer. 

What covetous advances the Soviet 
Union might then make toward the rich oil 
sands of the Middle East can only be 
guessed, butitis a matter of grave concern to 
many nations already scrambling to keep 
their oil tanks filled. 


Meanwhile, other nations are seeking to 
move away from oil as rapidly as possible. 
Just asin the United States, they are increas- 
ing their investment in solar, geothermal, 
and wind power, France, the Soviet Union, 
and Japan, for example, are expanding their 
nuclear facilities, France, especially, has 
committed itself to an aggressive nuclear 
development that is expected to produce 20 
percent of the nation’s energy by 1985 and a 
possible 50 percent by 2000. 

These efforts are of extreme importance to 
us. The security and weltare of all countries 
of the West are completely intertwined, and 
we are vulnerable together to oil cutoffs. 


&. Energy efficiency and conservation 
are all-important from now an, 


As we have seen, major new energy tech- 
nologies take too long to help much in the 
1980s. Even if large new gas and oil fields 
are discovered, they, too, will require years 
of development. 

How, then, do we become less vulnerable 
to disruption of our foreign oil supplies? 

Study after study reaches the same con- 
clusion: The cleanest, least expensive, and 
least vulnerable energy option today isto use 
less by being more efficient. 

As Chauncey Starr of the Electric Power 
Research Institute says, “Only conservation 
can be implemented quickly enough to make 
a substantial difference.” 

It means cogeneration of electricity along 
with industrial heat, developing ever more 
efficient automobiles, car pooling, improv- 
ing building designs. using more and better 
insulation, and so on. 

Last year alone, conservation efforts com- 
bined with effects of the recession reduced 
our annual oil imports by nearly 270 percent, 
with daily shipments dropping from 7.9 mil- 
lion barrels in January to 6.5 in December 

The CONAES Report sums it up: 

“The problem is in effecting a socially 
acceptable and smooth transition from 
gradually depleting resources of oil and 
natural gas to new technologies whose 
potentials are not now fully developed or 
assessed and whose costs are generally un- 
precictable.... The question is whether we 
are diligent, clever, and lucky enough to 
make this inevitable transition an orderly 
and smooth one,” [J 








ENERGY TERMS 


Barrel—aA liquid measure of oil, usually crude 
oil, equal te 42 gallons or about 306 pounds. 
Barrel of oil equivalent—Energy equal to a 
barre: of crude oll—&.8 million Bhr’s, 
Biomass—Living matter, plant and animal, in 
uiny form. 

Btu (British thermal unit)}—The amount of 
heat necessary to raise the temperature-of one 
pound of water one degree Fahrenheit. About a 
gquorter of a Colonie 
Carcinogen—A substance orogent producing or 
inciting cancerous growth 

Cogeneration—tThe production of theo useful 
forms of energy irom the same process, Ina face 
tory, for instance, steam needed for industrial 
processes or space hedting 1s first run through 
turbines to generate electricity. 
Efficiency—The ratio of useful work or energy 
output to total work orenergy uipul. 

Fossil fuele—Fuels such as coal, crude oil, or 
natural yes, formed from remaois of plants and 
anumols. 

(Gasohol—tIn the LU. 3., a mix of 90 percent un- 
leaded gasoline and 10 percent ethyl alcohol. 
Geepressured gus—Natural pas thot ts dis- 
solved in hot brine and trapped under great 
pressure deep within the earth. 

Greenhouse effect—The warming effect of car- 
bon dioxide one water vapor in the abnosphere. 
These molecules are transparent to iicoming 
suniight but block infrared (heat) radiation 
escaping trom the earth. 

Megowatt—A unit of power equal to 1,000 kilp- 
watts, or one million watts. A gigawatt ts a bil- 
[ion wits. 

OPEC—The Organization of Petroleum Ex- 
porting Countries, $9 nations that atm at devel- 
oping common oli-marketing policies. 
Photovoltaics—The process by which radiant 
(solar) energy converted directly into electrical 
eTerey using a solar cell 

QGuad—A quadriilion Btu's. The energy con: 
tained tn eight billion gallons of gasoline, a 
year s supply for ten million automobtiles, 
Renewable energy source—One that is con- 
stantly or cyclically replenished, including direct 
solar energy and indirect sources such as bio- 
moss ind wind power, 

Reserve—That portion of a resource that has 
been actually discovered but not vet exploited 
and which at presentis technically and economi- 
cally extractable, 

Synfuelsa— Fuels synthesized from sources other 
than chute ofl or natural gas ond used in place of 
them or their derivatives, primarily for transpor- 
tation and heating bottlers. 
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necessity now savors the well-mace, fuel- 
efficient car. The automobile also tran 
scends the utilitarian to become art, at least 
in (California. 
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To the layman a flamed 34 Ford coupe 





labove) cruising Van Nuys Boulevard in 
Los Angeles might be taken at face value as 
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he movie [he Caitfornia Ava 
lithe Kid has become, as Chapouris says, 
“a piece of folklore” in a nation decicated to 
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creator, LDaavid Best (right), is avant-garde 
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and about $00 g¢iasseves. [ts motits aredeath 
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(Chevy. Bevond that, the car may De mas her Sashes, Raisers. Hudsons. Crosk Vs, and 
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UR DRIVE-IN SOCTETY extends to every 
phase of life, and even bevond, as Ameri- 
cans cal, bank, watch movies, and worship 

from their automobiles—modern centaurs with 





Rush hours and rainy weather are popular 
times for the motorized bereaved to view the de- 
ceased at the dnive-throuch facility (left) of the 
James N. Davis Funeral Home in Jacksonville, 
Florida 

In Orange Counts 
loners Worship, take (_ommunion, and contribute 
from theircars (below at the Reverend Robert A 
Schuller's Garden-Grove Community Church, 

Vinee Bruner owns and manages Robinson's 
(Cruz Thru (bottom) in Fort Walton Beach, Flor- 
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drivers have joined in cooperative hitchhik 
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CONSERVATION 
Can we 
live better 
on less? 


By RICK GORI 


La Piil I 









To keep the home fires 
burning in the face of a 
chilling energy crunch, 
many Americans are 
retooling their homes 
and businesses. Their 
goal: slash our energy 
use while maintaining 
our standard of living 
through greater 
efficiency. alternative 
energy sources, and 
inventive conservation. 
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IT WAS JANUARY, and in Norwich, 
Vermont, general-store owner Dan Fra- 





Lis HOUSE 


wr spent the morning behind 
tending one of the biggest personal 
woodpiles in New England. Fraser would 
nee! little of his cords to heat his home 
. But to 
Fraser “too much wood is just enough." It 
“T figure I can 


either burn wood or s¢nd my money to some 


and §2-Vear-oirl st Te LOW Season 


Wis TARP MOREY I he Dane 


damn fellow in the Mideast 


if WasSs:J5 a.m.onWhidhs [slaricl in Pu 


fet Sound, and Gerry Shea began picking up 


1] other commuters for their long daily trip 
Via ferry into Seattle. The Seattle/Ring 


LountyY Commuter Pool, which serves five 


rigorous winter, Vermont store owner Dan Fraserstockpile 
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counties, had gotten them together ani 
vided van, gas, insurance, and parking. As 
then along 
Mary Crane ticured that toget 


saving 27 U0 
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mover nh congested freewas 


her they were 
a ¥ear. Com 
muter Pool was saving her $260 a month 
Jon Mulford started the dav with a Ja- 
cuzzi bath in his new passive solar, earth 
sheltered g the Rocky 
Viowntains rear A pen, 4 clorade. He cove 
bask not only in the warm water, but also in 


the Knowledge 
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that with his solar green 


house and heat-retainine Trombe wall, he 





wel se )clhom iavVe to tum on the ber ati 


heat this winter. 


At Sam Snell's pig farm near Auburn, 


lincis, scores of piglets suckled snugly on 
4 concrete floor warmed by solar-heated 
Water instead of electricity 

In a New York City skyscraper, Union 
Carbice’s Ron Wishart was preparing a talk 
on how his company cut its energy consump- 
tion 20 percent per umit of output, primarily 
by eliminating waste: Dozens of other major 
companies were finding similar savings 
[he Bell System had reduced enerpy ise 
since 1973 by 10 percent while increasing 
business 70 percent. The 3M. corporation 
said it regarded conservation expenses as 
investments because they pay hack so fast 


In Harrisville, New Hampshire, Leandre 


Bm ee 


ancl Gretchen Poisson harvested spinach 
and leeks in minus 10°F weather from solar- 
heated hotbeds. Discouraged bythe highen 
ergy input of American agriculture, which 
requires 15 calories of fuel to produce a calo- 
rv of food, the Poissons have rediscovered 
and adapted French intensive gardening 
techniques, which enable home gardeners to 
be nearly self-sufficient in food with a very 
small plot of land 
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Phese were qst a few of thousands of en- 
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ergy pioneers, people who had decicled that 
perhaps the simplest way out of our petrole- 
um fix is to-stop using so much of the stuff. 


Light at the End of the Bridge? 
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designing the Ferruset Elerientary ocnoal It was a perfectimare. [ had come to Cah- 
in Reston, Virginia (facing page). Suit 


from the ground down and sheltered by 


fornia to explore a novel concept: Mam 
experts now sey that, using existing technol- 
ory, We can cut energy use dramatically and 
live just as well, if not better. We've alread, 
hegun to conserve, thanks largely to the ris 
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threce-feet of earth, the school has coropy 
ofsdar collectors that helped save 314,400 
it fuel casts trust one year. [fa eoal set by 
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newable sources would provide 20 percent ing poce of fuels. Our gasoline use has 
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of Uf, S: enerev needs by the year 20000 t ropped about 11] DErcent Since hore, 


(srowth of electncal demand has slowed 
sharply. Industry has cut its use of all enerps 
by 14 percent per unit of output since 1975. 

Vet too few of us are pioneers. We are like 
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those California commuters crossing the 
bridge—except we don't know how to reach 
the other side. Burdened by our overcompli- 
cated lives, we sit and wait for a simple fix. 

Whien | began this assignment, conserva- 
tion meant insulation and heat pumpsto me. 
It meant a President telling us toendure cold 
homes and curtail. Conservation seemed re- 
soundinely dull. | was wrong. 

AsLlocusedl my sights on pioneers in ener- 
zy, | found a spirit of self-reliance and an 
exuberance, a beliefafoot that the 1980s will 
be a-turning point for America. 

In Bernardston, Massachusetts, I sat ina 
town meeting as New Englanders, appalled 
at the soaring cost of imported oil. came up 
with ways they could become more self- 
reliant: Burn more waste wood from their 
forests. Make their own methane from 
dairy-cow manure. Grow sugar beets and 
turn them into alcohol to fuel cars. 


Yankee Ingenuity Tested 





The people in the nearby village of Heath 
had already learned they could generate 
mostof their power with ten wind machines. 

The neighboring Berkshire hill town of 
Chesterfield had found that two solar panels 
and two large wood stoves could heat the 
building that houses their snowplows—a 
$5,000 savings in heating oil. 

This spirit is being stimulated by activists 
who hope to make their drive for renewable 
energy and efficiency as strong as the envi- 
ronmental movement was in the 1970s 

“We believe in living off our income—the 
sun and the wind—and not off our princi- 
pal—our deposits of fossil fuels,” one of 
these activists, Jim Benson, told me. 

Benson, founder of the Institute for Eco- 
logical Policies in Fairfax, Virginia, criss- 
crosses the country talking to community 
groups and trving to build the large constit- 
uency that conservation lacks and badly 
needs. He throws out provocative figures. 

In Butte, Montana, for instance, he tells 
the people that the average family there now 
shoulders $4,000 a year in energy costs, 
$1,000 of that hidden in the costs of goods 
and services they buy. By 1989, he savs. 
those costs will be $16,000 per family, 

Qn Long Island, Benson points out that a 
typical homeowner who invests $2,500 in 
cost-effective conservation and solar-energy 


measures Could save enough fuel to pay for 
the work in seven vears or less and help the 
local economy as well, Over the next four 
decades at least 16 billion dollars from saved 
energy could stay in Long Island consumers’ 
hands rather than go into overseas and out- 
of-state bank accounts. 

“This country can spend 30 billion dollars 
in three wavs,” Benson likes to say. “One, 
we can buy 2.7 million barrels of oi] every 
day foravear, That's 40 billion dollars gone. 

“Or we can build ten synthetic-fuel 
plants. In ten or fifteen years those plants 
maysupply halfa million barrels aday. Con- 
sumers will spend at least 18 billion dollars a 
year to buy and burn that new fuel. 

“Or we can put that 30 billion dollars into 
residential conservation over the next three 
vears. We would then be saving half a mil- 
lion barrels a day in fuel oil alone. Each year 
we'd also save 230 billion cubic feet of natu- 
ral gas and 46 billion kilowatt-hours of elec- 
tricity. ‘That's 9 billion dollars a year we 
wouldn't spend on energy!” 

Some cities—notably Portland, Oregon, 
and Seattle, Washington—have already 
seen the connection between conservation 
and their economies. Citizens in Portland 
spent thousands of hours working out plans 
to reduce energy use in the city 34 percent 
by 1995 and thereby keep a billion dollars a 
vear from leaving town. Among the city's 
Many new actions tsa rule that by 1984 no 
house—new or olel—can be sold unless it 
is certified to be weatherized. Seattle is 
hoping to convert some city buses to run 
on ethanol, which can be produced from 
local wood wastes. 


Fitchburg Shows the Way 


At first glance, one would say the pioneer- 
Ing spirit must have fled Fitchburg, Massa- 
chusetts, around fifty years aco. The former 
mill town of 38,000 people looks like so 
many stagnant, industrial towns in New 
England—depressed. But then there's that 
billboard on the edge of town: “Welcome to 
Fitchburg, the first citv in America to FACE, 
the energy crisis.” 

FACE? Anyone in town will tell you that 
mtans Fundamental Action to Conserve 
Enercy. Last winter it seemed evervone in 
Fitchburg was armed with a caulk gun. A 
poster in the local weatherization office told 
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the story: “Send the Ayatollah a message— 
Fitchburg doesn't need his oil.” 

Like most Kew Enghanctcities, Fitchbure 
has relied heavily on foreiwn oil FACE be- 
ganas a local task force in late 1079, when 
heating oil prices were doubling and there 
was widespread fear of the elderly poor 
freezing todeath ifthe winter were severe. lt 
snow balled into ten neighborhood training 
centers and scores of volunteers, Working 
with federal ACTION personnel. Thev 
spent l6-hour davs showing Fitchburgers 
how to seal up the leaky old homes that are 
prevalent there—and that help make New 
England a major drain on the nation’s ¢econ- 
omy. The basic message hammered home 






ELECTRICITY 
FROM THE SUN 


NE SENSES THAT maybe, just mavbe, ¢ 9+ 
lar revolution is brewing. [he photovoltaic, 
orsolor electric, cell could turn out to be the joker 
in the global energy deck, the breakthrough that 
could help disperse the gloom from our energy 
herizon. One must be coutious. [t is easy to be 
cverenthusiastic about these safe, nonpolluting 
energy producers. But in solar circles optimism 
runs high that we will becreating electricity Pom 
the sun sooner rather than later. 

Solar cells work. They were developed to help 
power the United Stofes" space program and 
have performed impressively, Last year in Cali- 
fornia they powered the maiden fight of the 
“Gossamer Penguin” (facing page), the world’s 
first piloted solar airplane. But they hove been 
exorbizantly expensive, and while cost: have 
dropped sharply, the price of producing electric- 
itv with photovoltaics ts still more than ten times 
as high as average utility rates. Many industrial 
tnd utility officials dowbt it can be made cheaply 
enough te hove much impact in this decade. 

On the other hand, high-priced orl t¢-chang- 
ing the ccomomics of energy production dramat- 
cally. Jn the United States, Europe, one fopon 
solar firms ore pressing hoard on photovoltaics, 
usirie technology similar to the kind that mode 
the mruni-computer available to everyman. The 
Denartment of Energy's photevoltaic program 
director, Poul D. Moweock, beliewes the cost of 
phetovoltaic electricity could drop enough to 
make solar cells competitive with conventional 
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was that almost anyone can cut his house- 
hold energy bills by at least.20 percent with 
simple, low-cost steps such as caulking and 
weatherstripping. 

Sixty percent of Fitchburg's households 
towk some action, enough to make “Follow 
Fitchburg” a rallying cry for numerous cities 
that are adopting its plan. Still most partici- 
pants in Fitchburg took only the cheaper, 
easier steps. A follow-up study revealed that 
many Fitchburg residents either did not 
know what further, major steps to take or 
could not-afford the work. 

Starting this year the federal government 
will address both problems. [t now requires 
all large utilities to offer free or cheap energy 


sources af electrical power by the mid- 19408. 
Federal regulations require pubtic uttities to 
buy electricity from qualified independent pro- 
ducers at a price roughly equal to the cost the 
wilities would have incurred in producing tt. 

By 2985, predicts Solar Lobby chairman 
Bruce Anderson, homeowners will begin putting 
punels of solar cells on south-facing roofs and 
wills. “The solar energy striking a home,” saves 
Andersen, “can generate more electricity than 
fhe cwvners need, even for charging an electric 
cor. The rest can besold fora profitto the utility.” 

Phoerux builder fohn F. Long hes produced 
such o house. A major firpanese electric firm his 
built three model solar homes. The company says 
the homes are for more efficient than conven- 
nono! howaes ond wee less thane thind as much 
power. More testing is needed. but such homes 
nuny be available in japan within a decade. 

Major American photovoltaic firms have been 
boweht by otf companies, a further indication 
that photovoltaics could indeed become on 
LTO Taree ener SCL. 

Affordable photovoltaics could significantly 
alter the current energy dtatribution network, 


particularty as cheaper batteries become aviil- 


able that can store the excess electricity gener- 
oted on srry doves. These batteries, chorged by 
solar cells of hy wind, cowl! make each forme ita 
own electrical eenenctor ania filling stitiort 

Alow does a solar cell work? When photons, 
which oré energized partitles of light. strike cer- 
tain specially prepared layers of semiconductor 
miateriatis, their energy knocks electrons loose 
The electrons then begin to flow into connecting 
wires, becoming a current of electricity. 

Today's thin, brittle photovoltaic cells are 
mode from silicon, the second mast abundant 


audits, The utilines must also help arrange 
financing and installation of energy-saving 
improvements, The Tennessee Valley Au- 
thority, however, already has developed an 
BUH -conservaihion program that practically 
has had-customers beating on its doors. 

I doubt that anvone has ever called TVA 
Chairman David Freeman casveoing 
“Don't tell me your problems, (ret it done,” 
he snapped to a secretary before motioning 
me inte his suite overlooking Knoxville. 

Freeman, well known as an abrasive 
workaholic, has jarred a lot of people over 
the past three vears at TVA, the country’s 
largest electricity producer and long a cita- 
del of nuclear power, all-electric homes, and 














element on earth after oxygen. Individual cells 
dre mounted on a panel, wired together anu cov- 
ered with a protective layer, usually gloss, Since 


atypical three-inch cell yields at most about half 


awatt, (would take at ledst 6,000 celis to supply 
the overageAimerioan home withelectrical nevds 
exclusive of heating and cooling. 

Currently most soloreeclls are mode fromerve 
tils of high-purity silicon, grown through o time 
consuming process, Diamonid-edged saws then 





burenucracy, With 14 reactors being built, 
TVA suspended construction on four, and 
embraced conservation and solar ener. 
Freeman urges rural custamers to burn 
wood. He promotes making alcohol fuel 
from the South's forests. 

“TVA began life in the Depression a3 a 
noble experiment. Its purpose was to put a 
green cover back on the land and raise the 
standard of living of the people here,” he 
said. “It lost its spirit of adventure and 
experimentation after the war. Now we are 
going back to our roots. We want to be a 
model, to demonstrate what can be done.” 

Freeman initiated a revolutionary conser- 
vation approach similar to one developed 


Slice the cnostuls into wafers, wasting at leost 
half the matenal The expected price break- 
tirdwgn will come when the crystals no longer 
have to be grown and cut so lithorious!y. Tech- 
niguesare already being perfected that cust poly- 
crystadine silicon trom molds, drow silicon into 
fin ribbons, and grow thin films froma variety 
of materials. These mbodona, films, and cost ma- 
teriais require less-time and promise to be more 
economical, 
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MODERN 
HOUSE, 

ANCIENT 
ARCHITECTURE 


BHEN DEAGONS are fuet 

Hille, the best costie is a 
home nearly self-sufficient in 
energy. The house shown here, 
“Geohouse,” hos mo floor plan. 
It tsa set of principles, most put 
to wee centuries before the ther- 
mostat mide constant temperd- 
tures possible. The principles 
follow from logical use of the 
elements: heat from the sun, 
insulation of earth, cooling of 
breezes and shade. 

The insets around Geohouse 
illustrate how self-taught ar- 
chitects solved the problems af 
mioking hunumn hobitation com- 
fortoble with nuterials ot bored, 
Geohouse applies these ancient 
enlutions to the Northern 
Hemisphere’: temperate zone 
and adds modern solar hot- 
water heating in roof panels. 

The house is oriented south, 
so windows admit radiation 
from the low winter sun, while 
roofoverhangs and awnitigs ex- 
clude the highsumimer sun. This 
passive solar heating is aug- 
mented by agreenhouse, a mas- 
sive mdsonry. wall and floor, 
ond the rock bed beneath. The 
rocks and masonry absorb heat 
during the dav and radiate it ct 
night. The greenhouse gloss ad- 
mits shorter wave solar roift- 
ation but traps the heat of 
longer wirve Infrared radiation. 
Vents in the wall and operable 
Wirttdows ¢ncourage convective 
air flows that help heat in win- 
ferdand cool in sunimer. 

The north side of Geohouse is 
bonked with earth, whose fem- 
perature changes Htrle, helping 
keep the interior cool int sumer 
and moderate in winter, while 
blocking the north wine's blast 
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SHADE 

The awning, raripiersd widty fo 
reduce solar radiatian, py eatily 
adjustable Those of pale fabric or 


transtucent plastics also admit nodt. 


diffinsed Inpht whit Bihene inary 
intewce heat 


Thoogh simpler in concepe Bhan 

the muitipyrpose fume! ito an 

igloo, a weutibule serves one of the 

same ends — protecting the intarar 
fom an inrush fF celd air and 
outrusn of warn 







SITE 

Protected from the parti by a chit, a 
Puebla village faces the winter sur, 
For enective pavarve uovar heating, 2 
howe should face within 25” of south 


WEATILATION 

in the tropics, bowed are rarsed 
and open toward prevailing 
bredets in Geohpirse, windows, 
ventilators and vents in the 
grecnhoute wall ensure adequate 
air exchange ane! ttelairag, 





EARTH SHELTER 

Sod houses of the Great Plains teelpe: 
coal in summer, warm in winter. Some 
modern warns ate pol below tte fro 
fine, where fomperatures fctuate fittie 





in 





a a 
THERMAL INERTIA 
‘i Siew to Areal and cool 

desert adobe hones, like 

the thech wall, floor, and 
sAonrteet ait Lica live rock bed, absorh day's 

MaTitmag GbcERer Nar GR? BiMimicee warmth to radiate 

Bile 100 CHOPTION OF AW E fb ali it at eegvee 







by utilities in Oregon, which is running out 
of new sources of the hydroelectric power 
that has given the Northwest cheap, abun- 
dant energy for decades. There, utilities 
audit and insulate all-ectric homes. The 
‘customer qualifies for a gere-interest loan, 
pavable when he sells the house. 

As Ted Davenport of Portland's Pacific 
Power and Light explained it: “What's the 
difference between hanging storm windows 
and building a new power plant? We get 
more kilowatt-hours either way. Conserva- 
tion's a lot quicker. And the kilowatt-hours 


we develop through conservation cost us: 


less than two cents. Those from a new 
power plant run more than six cents and are 
climbing fast.” 

To that Freeman would add, “There are 
more uncertainties in the performance of a 
new power plant than in insulation.” 

TVA's conservation program had a 
30,000-aucit backlog last vear with only 
word-of-mouth advertising. 

A TVA auditor tells the customer which 
conservation measures would be financially 
worthwhile, estimates the cost and savings 
of each measure, and suppli¢s a list of ap- 
proved contractors. TVA pays the contrac- 
tor selected, but only if the completed work 
satisfies TVA's inspector, The customer 
then pays for the work, interest free, on his 
monthly bill, A typical $1,500 job would 
cost $17.85 amonth over seven years. At to- 
day's rates, the typical all-electric customer 
will save about that much in electricity, So 
the savings cancel out the monthly charge. 

“By 1990 our conservation and solar pro- 
grams Will be worth the output of four to six 
{,000-megawatt nuclear reactors,” says 
TVA’s conservation director Bob Hemphill. 
“Those programs will cost us at most 1.3 bil- 
lion dollars. Four nuclear plants would cost 
us at least six billion.” 

For most utilities the energy crunch has 
brought an identity crisis, Some are begin- 
ning to view themselves more as enerzy- 
service specialists rather than simply 
power providers, The Pacific Gas and Elec- 
tric Company, California's biggest utility, 
has transformed itself. with prodding from 
the Environmental Defense Fund and the 
state's Public Utilities Commission, into a 
proponent of conservation, At the PUC's 
command, it is offering tens of thousands of 
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its customers incentives to install solar water 
heaters. It offers money to builders of 
enerey-efficient houses and grants to cities 
that cut energy use. Vice President John 
Cooper told me the utility might some day 
actually give away efficient air conditioners 
or refrigerators just to get the energy guz- 
dlers off their lines. 

Southern California Edison, moreover, 
has announced that renewable energy is 
now a “preferred technology.” The utility 
now believes conservation and alternative 
energy sources can provide for 30 percent of 
new electricity needs in the 1980s. 

As valuable to our country and our econo- 
my as conservation is, it often costs more 
money than most people, companies, and 
utilities—many of which face serious finan- 
cial problems—can muster. 


Conservation Becomes Capital 


How do we raise the capital we need? In- 
novitive rate schemes or bond issues could 
help funnel conservation money through the 
utilities. Another idea is to real conserve- 
tion investors the same way we treat the peo- 
ple who put up the money toexplore fornew 
energy supplies. In other words, we might 
make it lucrative to “drill” for oil and gas in 
our buildings. How so? Well, it costs much 
less to save a barrel of oil through conserva- 
tion— often less than $15—than to find a 
new one through exploration, Congress en- 
courages private investors to underwrite oil 
and pas exploration by giving them very 
generous tax breaks. So, why not give simi- 
lar shelter to those willing to put up capital 
for conservation? The Alliance to Save En- 
érgy, a nonprofit coalition of business, la- 
bor, consumer, and environmental groups, 
envisions a group of investors approaching 
homeowners through energy services com- 
panies and offering to pay for all justifiable 
conservation measures—in cxchange for 
two-thirds of the energy cost savings real- 
ized by the homeowners. Like oil and gas in- 
vestors, the conservation investors would be 
able to write 50 percent of their investment 
off their taxes right away. 

Inaleaky New England home with an old 
oil furnace, for instance, 31,000 invested in 
furnace improvements, insulation, and 
weatherproofing could save 40 percent of 
the homeowner's heating bill—or about 


$480-a year. The investors would make their 
money back on this house in less than four 
years; After the investment-group had made 
fi reasonable profit, the homeowner could 
buy the investors out and keep all the 
SAVINGS 


House Detectives for Heat Losses 


“Most of the houses we audit are consid- 
ered well insulated,” Gautam Dutt said en 
route to New York's Westchester County 
with several other Princeton University 
“house doctors” (page 48). “Most utility au- 
dits would say don't do anything. But we 
cain often save an extra 20 percent.” 

We stopped ata house in New Rochelle. A 
crew from Consolidated Edison, which was 
working with the Princeton team on a pilot 
project, had set up a large fan in the door- 
way. The fan was turned on, pushing warm 
air out any available crack 

Dutt began inspecting the house with a 
heat detecting device called an infrared 
scanner, DThrough this scanner, about the 
sizeota TY minicamera, hot spots appeared 
red and cold areas black, We crawled into 
the attic, Cherry red regions glowed where 
missing insulation or air gaps around vents 
had created invisible breezeways for the 
warm air being forced out of the house 
below 

While Dutt was in the attic, a colleague 
paced the family room with a pencil-like 
stick that puffssmoke. The smoke streamed 
Into numerous invisible air leaks along the 
floors and ceiling moldings. Once located, 
these leaks were easy to patch. 

“Most people are astonished at the leaks 
we find,” said Austin Randolph, the Con Ed 
crew chief. “Ghne woman drove around look- 
ing for our truck to thank us. She had turned 
her thermostat down six degrees and still felt 
more comfortable than before,” 

Dutt and his colleagues want 40,000 
house doctors to be trained over the next few 
vears. Thev sav a virorous house-doctor 
program: for the country’s 70 million homes 
would cut home-heating demand in half and 
save the equivalent of two-thirds of our 
Arab oil imports. 

Dramatic savings are also possible with 
new houses. “We can take the average new 
home built near Chicago down from needing 
about 800 therms of natural gas a winter for 


ee HE ULTIMATE ANSWER to the energy 





THE FUSION 
SOLUTION 









probiem” —thug matty scientists. envision 
nuclear fusion. Jf promises virtually limitless 
energy, but poses perhaps the greatest techne- 
logical challenge ever faced by mankind. 

Fusion is the process that makes the sun and 
stars burn and powers the hydrogen bomb, Un- 
like the familiar fission reaction, which splits the 
heavy atom, a fusion reaction joins the muuiclei of 















two light atoms, tn this case dewterium and tri- 
hum, forms of fvdrogen. In both cases there is-2 
loss of mass and o release of tremendous energy 

To achieve fusion, scientists must re-create 
the extreme conditions that exist trisufe the sun, 
Where feot reduces motter to an tonized pas 
calied plasma, in this plasma, atomic particles 
become so energized that they overcome their 
electrical reputsion, collide, and fuse, releasing 
energy and muiking the process self-sustaining. 

Researchers know how to create-and heat a 
plasma. But how do you confine a plasma anid 
keep tt het enough for fusion? The most ad: 
vanced device is the Tokamak, weing electromag: 
netic coils (A) formed in the shape of adoughnut, 
for creating a magnetic field to squeeze und con- 
tain the plasma (8). 

In a fusion-powered clectrical generating 
plant, helium (C) could be used to carry 
heat frome lthiom blanket (D) surrounding the 
plasma to a heat exchanger, where steam would 
be created te run turbines, 

The U. 8.’ largest experimental Tokamak, at 
Princeton University, begins operating this-vear 

Fusion offers immense advantages over to- 
day's fission reactors: only a fraction of the 
radioactivity, ne threat of meltdown, and a plen- 
tiful source of deutermum from water. But 
fusion technology ts so complex that some feel it 
Wil never be inexpensive enough to use. In‘any 
cise, commercial fuston will not came before the 
qnecnr SOKO, 


































space heal to between 300 and 400 therms, 
said Dr. Arthur Rosenfeld, a buildings spe- 
cialist at the Lawrence Berkeley Laboratory 
in California. “Vou add about 31,000 to the 
price, butso does 10 percentinflation in two 
months: We simply put in more insulation, 
plug the bypasses, and use good windows 
We coun build houses s0 tight well need me- 
chanical ventilators. 

These new “air-to-air heal exchangers” 
can eliminate the recently publicized prob- 
lem of toxic substances building up im the 


sir in weather-tight houses, Smaller and 


cheaper than window air conditioners, they 


use Verv littleenergy. Thev provide fresh air, 

juslasanopen window does, while retaining 

75 percent of the heat from the stale ar 
Rosenfeld predicts that by 1990 we mas 


have wintows as thermalh etticient as to- 
day's walls, furnaces that are 90 percenteth 
clent, and widespread use of solar hot water 
and passive features 

A tag 


have already built 
houses that use very litt In Davis, 
California, I drove down Anderson Boal 
with Mayor Sandy Motiey. Similar subdivi- 
sions lay on either side oi us 


“They look 1dentical, 
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¢ energy 


Te 
dant they? said 








Motley, “But the houses on the teft use only 
half the energy of those on the right 

Davyis has pioneered building codes and 
‘regulations that, among other measures, 
require that new houses be oriented south 
That way most windéws ¢an take full! 
acdvantare of the sun's heat in winter. Trees 
wines, overhangs, or awnings must shade 
windows during Davis's hot simmers 
Shading alone can cut air-conditioning 
gemand in most Davis homes in half, At 
leasttwo builders have found Davis'senergy 
awareness a boon. 

“People began asking us for solar houses,” 





Energy bills are minimal of the Integral 
Urban House (left), project of the Fora! 
lones Institute in Berkeley, California. A 
roup of biologists, engineers, ate archi 
ects bought the house in L974 ord outfit 
ed ttas a model of self-reliant city livin 
Solar panels on the roof heat water, A 


machine 
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wind roreerournd, Gercics dri 


aquaculture pond. The lown area pro 
dices crops pollinated by honey-rmaking 
bees (right) 

A compisting toilet (above) conserves 
wuter and, Wi tie addition of grass and 
[edVes, Oe Auurrian waste into an odor- 
fess, Tich Compost that after 2’), years: 15 
removed (above right) and used to condy- 
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tion soul around flowers and trees 


sail builder John Whitcombe. “We didn't 
know how to build them but we sensed a 
Pood DUSINeSss opportunity 

So Whitcombe devised an active solar sys- 
tem that heats a house by running water 
Warmed in rooftop collectors through the 
floor slab, He had just finished a 95-unit s0- 
lar apartment complex and was working on 
a l?0-house solar subdivision 

“This solar house will cost 8750 more than 
a conventional house,” he said as we toured 
a home he built and lives in. “In this cli- 


mate it will save at least $500 each year in 


energy costs. (n the apartment comp 
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AVISIT FROM 
HOUSE DOCTORS 


i SOME ENERGY RESEARCHERS 
Princeton f 


Linmiversity have their PEE, LE ory 


from 
of tens of thousands of “house doctors” will be 
calling on millions of American hones a ved 
This anny would visct every fousehoid by tite 
mid- 1] 9os 

They would prescribe the standard cures for 
lecky homes—onulking, weatherstripping, more 
insulation, and storm windows. [Tey wot torte 


up furnaces or prescriby 


rhe ones, More npr 
fant, they would use special instruments to lo 
cote a whole cotecory of afr leaks no one knew 
t sea! them on the spot 


ghout unhl recently ani 
= Fr =a oe ee ce 
in the mid-[ 870s a Princeton 


team realized 
thot one really understood how o house per 
forms thermally, With federal furding, tie tea 
well-insulated 


New Jersey hormes cund four thet, despite iisu- 


began putting iietruments i 
Inhion, the houses were dosing three fo five times 
nore heat throweh the roof thon expected 
Demonstrating their techniques: (above), the 
team sets up @ forge fun, called a blower door 
te create a 20-mile-an-hour draft in tie home 


Wiile Gouwtim Dutt monitors instruments: fo 





coleulate the overall leakage of air from the 
house, his asseciote Kenneth Gadeby, at right 
scans ceilings and walls with an infrared feat 


ld spots appear dark in the scanner, ind 


Colds 
cating that heat is being lost through some uvist- 
bbe fps. 

The House doctors locate other leaks with o 
‘smoke pencil” (below), A smoky tracer streams 
into an electrical socket, another source of inex- 
pected hwot leaks in most homes. Inexpensive 
fourm gaskets con be used to sea] these outiets 

Nearly every house, the team discovered, had 
many paths through which surprising amounts 
of heat bvpass the attic insulation. These mgt 

be €5 OOF IOUS 4 i 
hole in Che attic floor 
or ad tinsing insula 
tion batt. Many by: 
passes, (owever, ar 
obscure. Hollow in- 
terior walls or open- 
IES | 


plumbing vertts cru 


Mere the 


ciectrical wires piss 
the attic floor con be 
breczeways for heat 
fo the outsige 

A one-square-foot 


opening around «a 


indreds ¢ 


furnace flue, the team found, loses fu 
ld if stuffed ah 


times More heat than it would £ 
three and o half inches of insulation. 

They estimate that, overall, 2 percent of the 
energy used in America is simply wasted by es 
coping through these attic bypasses 

Although such leaks can be plugged cheaply 
and easily with fiberglass insulation. finding the 
byndsses usualivy reguires fouse doctors’ train- 
ing and equipment 

From an energy standpoint America’s hous 
is in bad shape. Ninety percent of our 
houses were Guilt with lesa than six inchs of 
attic insulation, and a fair amount of that wos 
pit ITE CUTE if SSL, 

Ea perts differ on what tt would cost to tahten 
upon “average house, as well as how much such 
mesures would save. This ts becouse houses, 
like climatesand labor costs, vary so muuch. 

lhe Princeton group estimates that a commer- 
cll house-doctor visit and quick fix would c iva 
from $200 to 3400. Even such ao staromary treat- 


Lie Stock 


ment should lower heating bills by 15 to 20 per- 
Crrit., Py it 2atinigies 

A full-Aedged retrofit by. contractor would 
run from $1,500) to $3,000, but could save half a 
home's yearly heating costs. This tnvestrment, 
they say, would give a muuch better return thon 
the interest on on savings accounts. If all the 
eountry’s 70 million residences had house colls, 
and their owners followed the doctors’ advice, we 
would save the equivalent of hvo-thinds of our 
Arnab etl imports, 

Stenificant savings could be achieved, Dut 
emphasizes, Oy remedying conductive heat 
losses through windows, which can be major 
energy drains. Triple-glazed windows, insulated 


shutters, or coverings such as the Window Quilt 


being putin place (below) con rence winch? losses 
dramatically, 








moreover, we received $412 000 in solar tax 
credits. That's more money than we'd nor- 
mally make as profit on ~ whole project.’ 

Builder Michael € on the other 
hand, stresses passive ele techniques, 
which are fast becoming the approach of 
choice amone solar architects. These tech- 
niques rely not on solar collectors or elabo- 
rate plumbing, but on the architecture of the 
Huliding to trap and store the sun's heat in 
winter and reject itin the summer Thesolar 
onientation and south-facing windows that 
Davis requires are of passive design 

so are Trombe walls. These are simply 
masonry outer walls with vents at top and 
bottom. A glass plate on the outside of this 
wall creates a pocket of air that heats up 
when the sun strikes it. The warmed arises 
and flows out of the upper vent into the 
house. Cool room air is pulled in through the 
lawer vent to be solar heated. The masonry 
wall heats up too, butittakes aboutsix hours 
for the heat to work its way through the 
brick. This time lag lets the sun warm the 
house well after dark. 


Wew Life for on Old Idea 








Corbett’s 217-house subdivision, Village 
Homes, is a collage of solar ideas. His favor- 
ite technique is the sun-room—or green- 
house if vou grow plants in it. 

The greenhouse, an old tdea, is becoming 
one of the most popular and effective ways 
of heating houses with the sun. In New 
Mexico and Colorado, inexpensive green- 
houses Warm the farm homes of Jow-income 
(Chicano families and permit the Frowing ct 
food all year. In Agawam, Massachusetts, 
Niary and Ernie Bleeck said their new 
greenhouse off the kitchen serves a5 a toasty, 
cheerful living room on sunny winter days, 
letting them turn off their furnace. When 
wn ther kitchen door and windows, 
the greenhouse heats that room too. 

In ichael Corbett's scheme a bed of 
rocks sits under the slab floor. In winter, the 
Walt air trom the sun-room is pumped 
through pipes embedded in the -6otia As the 
rocks are warmed, they warm the slab, 
which in turn heats the house, In summer, 
the vent from the sun-room is closed and 
another outside air vent is opened for a 
few mghttime hours. Cool night air is 
pumped through the rocks, chilling the slab 


they o 
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and helping air condition the inside, Decidu- 
aus trees shade the sun-room during the 
summer as well, reclucing heat buildup, 

Midway across the country the people of 
Soldiers Grove, Wisconsin, are building 
a new solar-heated downtown. The old 
downtown had been repeatedly flooded, 
and the villagers decided they would rather 
construct a new waterproof village center 
off the floodplain than new levees: 

The townspeople had not seriously 
thought of going solar, however, until they 
met architect Rodney Wright and his wife, 
avdney, acty planner. 

“We simply told them that we could de- 
sign their downtown so that 75 to 90 percent 
of their heating could be provided by the sun 
and it wouldn't cost them a penny more,” 
said Rodney Wright. 

“You may call people out here hicks, but 
we know what makes sense,” said Ron 
Swigeum, former village president. “Hay- 
ing this energy-efficient downtown 15 going 
to. vive our businessmen more opportunity to 
compete with those in bigger cities, Espe- 
cially as transportation costs go up,” 

I climbed into the sweltering glazed-roof 
“solar attic” at Cecil Turk's new grocery 
store. The attic collects heat.and fans blow it 
downstairs as needed. “The otherday, with 
the wind-chill factor, it was zero outside and 
152 degrees up here,” said the foreman. “My 
men are almost down to their shorts in the 
dead of winter building this place.” 

The upper Midwest is excellent country 
for solar energy, insists Sydney Wright, not 
because the region has that much sunlight, 
but because it needs the heat so badly. 


Putting the Wind to Work 


Solar energy also drives the winds, and 
this year several utilities will begin buying 
wind power. In Honolulu, Hawatian Elec- 
tric spokesman Dick Bell told me a private 
firm, Windfarms, Ltd., is about to build 20 
four-megawatt wind machines on Oahu for 
his utility. When the wind blows, said Bell, 
“we won't have to burn as much oil.” 

Oil is clearly Hawaii's energy problem. 
The ishand state imports all it consumes. 
This vulnerability, however, has sparked 
an aggressive energy program. 

“All those things Hawali makes vou 
think of—the sun, the ocean, the trace 


at) 


winds, volcanoes, even our sugar—these 
are wonderful resources,” Governor George 
R.. Arivoshi told me, “I truly believe that, 
using these, Hawaii can in the not too dis- 
tant future become self-sufficient, at least in 
electricity.” 

Ashe spoke, Hawaii's sugar industry was 
burning its cane waste to produce nearly all 
the electricity it needs, plus up to 40 percent 
of the electricity the public consumes on two 
of the less populated islands. 

More solar water heaters per capita were 
glittering on Hawaiian roofs than in any 
otherstate. A test project to create electricity 
by using the temperature difference be- 
tween warm surface water and the deep cold 
water right offshore had just succeeded (see 
box, following page). Hawanan Electric 
hopes to be buying 50 megawatts of this 
ocean power, known as OTEC (ocean ther- 
mal-energy conversion), by the late 1980s. 


Learning to Harness Volcanic Heat 


This year steam from hot volcanic rocks 
on the Big Island will begin driving turbines 
to feed electricity into that island's power 
grid, These geothermal sites can eventually 
provide much, much more power than the 
Big Island can use: If economical undersea 
cable can be developed, the Big Island could 
export enerey. 

A few years ago most people thought that 
inorder for geothermal energy to be useful it 
had to be pevser hot. No longer. Plain hot 
water— often less than boiling—can be used 
in numerous industrial processes ranging 
from dehydrating potatocs to pasteurizing 
milk to washing beer bottles. Perhaps most 
important, it can heat buildings. 

The West has tremendous geothermal po- 
tential. In Boise, Idaho, I drove with geo- 
thermal expert Dave McClain past dozens of 
turm-of-the-century mansions along Warm 
Springs Avenue. “Some of these old homes 
have 24 rooms and no insulation, but they 
have geothermal heat,” said McClain. 
“That means it’s been costing only £200 or so 
a year to heat them.” 

As Canadian natural-pas prices soar, 
Boise is expanding its hot-water svstem. “At 
least a third of the buildings in the city could 
be heated geothermally,” said Phil Hanson, 
director of the Boise Geothermal Project, 
which wants to hook downtown office 


buildings up to hot-springs water. “The 
owners of 82 buildings want to be connect- 
ed. More than 300 residences are waiting to 
get hooked in. One developer wants to build 
a4,000-home geothermal community.” 

Few cities have good geothermal re- 
sources as close as Boise's. A major géother- 
mal drawback, in fact, ts that it is often not 
where itis most needed. But as many as 300 
cities, mostly small, could go geothermal. 
Reno ts one. And the Northwest Natural 
Gas Company is exploring the idea of bring- 
ing hot water 40 miles from volcanic Mount 
Hood for use by Portland industries, 

The earth itself can help conserve because 
just below ground the temperatures are 
moderate all year. Increasingly, people are 
building houses at least partly underground. 
“A well-designed earth-sheltered house can 
save between 50 and 90 percentofthe energy 
that standard houses use,” said Charles 
Lane of the Underground Space Center in 
Minneapolis, In 1978 the country had 30 
such houses. Now, he estimates, there may 
be a5 many as 3,00) under construction. 

Chuck Lippi built one of those first earth- 
sheltered homes in 1974 outside Luverne, 
Minnesota, near the blizzard-blown South 
Dukota border. He covered his roof with 
sod, as did many earlier pioncers, and plant- 
ecl prairie grass on the hill that protects three 
sides of his home. 

“When we built it, people kept asking us 
about dirt walls," said Lippi. “They thought 
we lived ina dark and dingy cave." 

Lippi’s house is far from dingy, A south- 
facing greenhouse throws light throughout 
the main living areas. “On sunny days, even 
when it’s minus 20° with a bitter wind blow- 
ing, the greenhouse heats the house to 75°," 
sald his wife, Consuelo, A wood stove, with 
backup electrical heat, warms the house at 
night and on snowy days. 


Power Springs From the City Dump 


Today we actually have too much of one 
renewable resource—garbage. We could 
save considerable energy by recycling more 
refuse. Alternatively, some communities 
may soon be turning it into electricity. Dade 
County, Florida, plans to burn three-fifths 
of its daily collection to generate cnough 
power to electrify 40,000 homes, Los Ange- 
les’ garbage could displace 13: percent of 
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THE PROMISE 
OF OCEAN 





ENERGY 


IKE A VAST STORAGE TANK, the oceans 

m@ gbsord nearly 75 percent of the solar energy 
that strikes the earth: OTEC, which stands for 
Ocean Thermal Energy Conversion, is a way to 
tap this energy by making wse of the temperature 
difference between sun-warmed surface waters 
and the cold ocean depths, 

The OTEC idea works best in the tropics, 
where the surface 1s warmest. Inside one OTEC 
system, warm water vaporizes a low-boiling- 
pont fluid such as ammonia. The vapor drives a 
turbine to generate electricity. Cold water 
puntped from 3,000 feet down condenses the va- 
por back toa fquid. A cable might carry the elec- 
trical output to shore, or the plant could serve os 
o flootme factory, making hvdrogen for fuel or 
extracting minerals ond chemicals from. the seo. 

OTEC needs no land, causes no pollution, con- 
sumes no fossil fuel While OTEC energy today 
would cost more than conventional electricity, 
this gap could close in the 1990s, 

Amm-OTEC project off Hawuail (above) has 
worked on a small scale. The Department of 
Energy estimates that by the year 2000, OTEC 
could replace 400,000 barrels of oil a day. 








the oil its city-owned utility now consumes, 

Ona hot day on Staten land, New York, 
| hiked—as fast as possible—to the top ofa 
$0-foot-hizh garbage mound at Fresh Kills, 
the world’s largest garbage dump, Well be- 
low my feet, bacteria were turning old 
buried garbaire into methane. 

“We drill down and draw the gas out,” 
said Gene Luntey, president of Brooklyn 
Union Gas Company. “We will clean it and 
end up witha product just a5 good as what 
comes out of the well in west Texas.” 

Fresh Kills could one day provide enough 
gas to fuel 16,000 homes on Staten Island, 
As I burried off the hill, I realized that left- 
overs from a Chinese dinner I ate ten years 
ago when Lived in Manhattan might warm 
a New York family next winter. 

Just as intriguing is a technique called 
Anflow, which uses specialized bacteria to 
clean municipal sewage and industrial 
waste water. Such treatment today requires 
considerable energy, The bacteria doit with 
half the energy and can generate methane in 
the process, 


Wew Use for Walnut Shells 





Agricultural wastes also offer significant 
potential. At the Diamond Walnut Growers’ 
cavernous plant in Stockton, California, 
research engineer Ted Garbeff handed me a 
bag filled with a coarse brown powder. 

“Crushed walnut shells,” said Garbeff. 
“We produce up to 35,000 tons of the stuff a 
year. We've always sold it as poultry bed- 
ding, toy fillings, and for making glue.” 

Walnut shells also make good fuel. Din- 
mond has begun to burn them in a boiler to 
“cogenerate,” a term that means making 
both electricity and heat together. 

Many plants that make steam for heating 
and industrial processes can cogenerate 
electricity by first romning the steam 
through turbines. This can save 30 percent 
of the energy required to do both separately. 

Industry uses more than a third of our na- 
tion's energy. Cogeneration could cut that 
amount by 15 percent. In theory, Texas's 
refineries and petrochemical plants could 
cogenerate 123 percent of the electricity the 
stale Uses. 

A city can cogenerate, too, St. Paul, for 
instance, plans to heat its entire downtown 
with waste heat from a utility power plant 
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Diamond Walnut Growers’ shell-power co- 
generation is especially beautiful. First, the 
fuel itself is renewable. Also, waste heat from 
the walnut burner warms the plant, eliminat- 
ing a big was-fired boiler. And the walnut 
hurner generates three times as much electrnic- 
ity as the plant needs. Diamond sells the ex- 
cess power to Pacific Gas and Electric. 

Inthe past, utilities have resisted the idea of 
buying: electricity from such independent 
suppliers. Now they will have no choice, New 


WHERE DO 
SOCIETY 





MEMBERS 
STAND ? 


AS THE RETURNS from a recent survey of 

"’’ National Geogrophic Society members 
attitudes on energy began coming in, it quickly 
became clear that members are indeed grappling 
with this complex subject. A surprising 56 per- 
cent of those polled returned their surveys. They 
did it, moreover, with impressive speed, 

Aimest all respondents volunteered specific 
comments, which ts again unusual for such opin- 
ion polls. Many members called for a crash pro- 
gram Lie the Apollo project that sent men to the 
moon. Others bluntly demanded that the gavern- 
ment keep ita honds off the energy business. 
“Leave the energy problem to. free enterprise,” 
wrote one Westerner. A midwestern member sar- 
castically agreed: “As soon as big business 
figures outa way to pula meter between the sun 
and the consumer, we will probably solve the 
energy problem!” 

Solar and wind power, a hydrogen economy, a 
fully nuclear future, a recycling society—almost 
every ideo hod its advocate. The diversity of 
members’ viewpoints on this volatile subject 
was not surprising. However, the depth of their 
COMCETT Was. 

Seventy percent of our members believe the 
energy situation to be “serious.” Sicteen percent 
consider it a “crisis.” 

Whatare they doing about it? Ninety-one per- 
cent of the members said they turn off more 
lights. Eight-one-percent use leas energy to heat 
their homes. Fifty-nine percent hove also re- 
duced their water-heating loads, 

Eighty-five percent use less energy for thetr 





federal regulations require utilities to pur- 
chase electricity from anvone who wants to 
produce it, Moreover, the utilities must pay 
a price roughly equal to the costs they avoid 
by nol having to generate that same electric- 
itv themselves. 

Cogeneration produces vigorous pic- 
neers, especially in New York City with its 
extremely high electricity rates. 

On the day that the 1,000 families who 
live in the Big Six Towers in Queens 


fronsportation, mainty by taking waootions clos- 
ér to. home and organizing their driving to make 
fewer trips. Forty-one percent walk more, 20 per- 
cent Ole more, and 16 percent hove recently 
joined car pools, Eleven percent use public trans- 
portation more frequently. 

How do higher prices affect their gasoline con- 
sumption? Wiile 42 percent saythat dollar-and- 
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a-quarter-d-f0lion. gos has severely curtailed 
therrdriving, 29 percent sav they will not make a 
major cutback until a gallon casts two dollars: 
Sixteen percent said it has to reach four dollars 
and hwo percent seid five, More than half would 
rather wait inline for gasoline than pay higher 
prices, with retired persons indicating the great- 
eat willingness to wait. 

More than two-thirds of our members have 


declared their energy independence from 
Con Ed, workers dug up the utility's electric 
cablesand severed them, Laterthe firstofthe 
five cogeneration machines that Big Six had 
installed started up. The lichts went back on 
and cheers echoed between the towers, 
Cogeneration will save the cooperative 
apartment complex $300,000 a year, said 


Big Six manager Richard Stone. Big Six 
could also generate an éxtra 22 million 
kilowatt-hours it wants to sell to Con Ed 


mide their homes more energy éfficient. Half 
have caulked or weather-stripped. Thirty-five 
percent have added insulation; 25 percent have 
put on ston windows. One percent now boast 
solar collectors 

So much for what they hove done olready, 
Creographic members have some strong opinions 
about what they or the government shoulil be 
domg in the future. 

Ninety-one percent feel the United States 
should be midependent of foreign oil and gas by 
the year 2000, but only 77 percent believe we 
actually can be energy self-sufficient. 

A startling 82 percent believe the government 
is handling the energy crunch poorly, Nearly 
three-quirters, nevertheless, want the poverti- 
mentor involved in eneny. Ninety percent 
think our habits of consumption have centrib- 
ited to the prodiem, Nearty as many beliewe the 
auto ond oll industries share the blame. 

Ashimomajority ofmembers wants to limit the 
number of cars imported. A more substantial 
nidiority opposes military action to secure for- 
eign oil ifoursupplies are cut off. In that event 62 
percent of the members favor pus rationing. 

Members. were given several energy alterna 
tives and asked which they thought were practi- 
cal, and then which ones were desirable. 
Conservation was everyone's favorite alterna: 
five. highty-cignt percent think tt ia practical; 44 
percent said it is desirable. By contrast, 86 per 
cent feel that using more coal is practical, but 
only 64 percent think it is desirable. Nuclear 
power likewise gets a 72 percent practical rating 
versus a 53 percent desirability vote, On the 
other hand, solar energy ranks. with conserva- 
tion in desirobibty at 85 percent; 76. percent 
think it is practical Fewer members think wind 
is procticaol—66 percent, even though 77 perce 
would like to have wind generating own future 
power Ivathional Geographic members. clearly 
vote for “renewable energy sources.” Nearly 8) 
percent of the members feel renewables are a 
workable solution to our energy needs. 








‘A wim cove with al! the comnts.” sav 


Pritt aril Deng Frisher of their foom 
home (above). The couple fashioned the 
structure by inflating plustic sheets and 
spraying tiem, 6 to 8 inches thick, with 
polvurethane, a material used os tneula- 
tion. AL amall forced-uwir furnace heats the 
ote oo Proctor of the cost for a conven- 
fhorl chettirie. he free-fornt stricture 
Secrris FO el oto its emeironment, & noch 


DhuT (heft) nde Boreveld, Wiiscunste. 








“There are hundreds of entities ike ws m 
hw York thal can comenéerate, Said stone: 
“We can make our electricity and steam 
much more efficiently, using much less fuel, 
than Con Ec. We want to form a coopera- 
Hive and integrate mite their network so the 
can retire their old inefiicrent plant," 


Con Bais fightine the cogeneéerators fierce- 








ls The iti tt Can alread LFrt LI lie ore 
power than it can Sell. It hes no interest in 
huving electricity from scores, perhaps hun 
dreds, of independent producers, ancl, ¢ 


suite the federal reculations, it intends to 
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The cogenerators are being encouraged, 
however, bv (on Ec’ ssmallernval, brook 
wn Union (sas, which foresees an abun 
cance of the natural gas many cogenerators 


would use 
(crow Power in Your (wn Home 


Brooklvn Union ts testing small, nonpol- 
luting, efficient Fiat engines called Totems. 
They cogenerate electricity and heat ina 15- 
kilowatt size—pertect for small businesses 
BI apartment houses. Lotems can extract 
a percent of the enercy In Ratural gas. Chi- 
burning utilities are lucky to capture 30 per 
rent of the energy in their fuel 

Moreover, Sunpower, Inc,, a small Stir- 
ing engine company in Athens, Ohio, haz 
developed a“total home energy system” that 
could turn private homeowners into cogen- 
crators. These quict, file-cabindt-size svs- 
tems, Which could run on any fudcl from wae 
to wood chips to rice husks, use two smail 
quiet Stirling engines of the free-piston var! 
ety, One drives a heat pump to air-condition 
and heata home, A second engine procuces 
elWetri its The waste heat from both would 
heal water 

Cogeneration enthusiasts are not the onh 
Cnere’ advocates emecereine in New York 
City. With members of the Energy Task 
Force, a local activist croup, | visited a half 
(emiolished neiehborhooed nicknamed i32- 
Hana Kelly because it i a curved stretch af 
Kelly Street in the South Bronx 

WOW here bad the energy crisis struck ear 
her or harder. For years, while residents of 
Manhattan = overheated high-rise apart- 
ments opened their windows in winter for 
fresh sir, children shiverect and pipes froze 


"I = rt 7 1 a pet , 
in the South Bronx. Landlords, somethnne 





well-meaning, could not heat buildings at 
rents the tenants could afford. All too often 
the buildings were simply abandoned. 
Throughout my travels, I had seen that 
the poor suffer most from the rising cast of 
tnergy. They drive the second-hand gas 
gurzlers, They live in houses without doors. 
But something was happening here in the 
South Bronx, the national capital of despair 
The residents of Banina Kelly had formed a 
neighborhood association, obtained loans, 
and were donating time and sweat to take 
title to the lanclord-abandoned buildings 
they inhabited, The street was alive with 
people hammering and sawing. They were 
gutting tenement houses and rehabilitating 
them with insulation and thermal windows. 
“We started out just Wanting to save our 
own buildings,” said resitent Leon Potts 
“We quickly realized that if we wanted de- 
cent lives we had to save the whole block.” 
So group members began winter-proofing 
nearby buildings that were ripe for aban- 
donment. By replacing windows they kept 
energy costs—and rents—manageable 
“People were telling me last winter they 
were waking up warm for the first time,” 
sail Potts, “and superintendents were say- 
ing, ‘Leon, you're right. | am using less oil,"" 


Energy-curzling Skyscrapers Obsolete 


At the other end of the city rises the World 
Trade Center, the twin-towérme], 1it- 
storied monument toa generation of office 
buildings whose like we shall not see again. 
As designed, the World Trade Center used 
as much energy as the city of Syracuse: 

Like most postwar skyscrapers, the cen- 
ters windows do not open. Asin most office 
buildings, lighting and the occupants’ body 
heat throw off so much warmth that air con- 
ciiioning is needed even in winter. 

In the World Trade Center seven giant 
chillers previously cooled ten million cubic 
feet of air per minute down to 50°, That 
allowed building matagers to keep tem- 
peratures comfortable in the warmest spots 
on any of the 194 one-acre floors. Hut the 


chilled air had to be reheated! everywhere 
else. Just four switches control most of the 
lighting on each of the center's mammoth 
floors. That means if one person works late, 
he must licht a quarter of the floor. 

“Office buildings in New York City use 
103 trillion Btu's of energy in a year,” said 
architect Richard Stein. “Thirty percent of 
that—-equul to five million barrels of oil— 
could be eliminated with simple fixes.” 

Changes are coming in office building de- 
sign: Natural lighting, desk lamps, operable 
windows, smaller mechanical systems, and 
computer-controlled environments. Future 
hutldings may use two-thirds less enercy, 

The World Trade Center staff, mean- 
while, is trying to eliminate what waste 
it can. A host of technital changes 
have dropped the 
towers’ total Btu 
use by 15 percent. , 


I enced my cov- ai a 
An atlas of 





erage atop the 

World Trade Cen- Am oe 
ter, talking with , | ericas 
New York trans- Sete 
portation official energy 


David Gurin. The | ; 

city had just an- resources 
nounced a plan to 

restrict rosh-hour traffie across East River 
bridges to cars with at least two occupants, 
Gurin said it is part of a changing philos- 
opi: to give priority on clogged Manhattan 
streets to car poddls and public transit. 

Iwas a continent away from San Francis- 
co. Far below I could see cars inching, this 
time across the Brooklyn Bridge. Soon those 
commuters might be crossing at least two by 
two. Unwilling pioneers, perhaps, taking a 
small step. But then, working together car 
by car, house by house is the only way for the 
country to cross its energy bridge. 

That lady with the torch was down there 
too, [had seen a lot of innovation and enter- 
prise a8 J traveled her country, Too much to 
doubt we'll reach the other side. No way, I 
thought, isthe lady's light goingtogoout. [] 





Meet Sam, the Copper Man: He's strong, silent, and informative to scientists af 
Kansas State University. They use the instrumented manikin to gouge the insulo- 
tion value of various types of clothing. Conservation can be a simple, skin-~leep 
matter of dressing warmly enough to keep thenrmostots set lew tn winter, 
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| NW 1859, outside Titusville, 
Pennsylvania, “Colonel” 
Edwin Drake punched a hole 
some 7OHieet deep, struck oll, 
and gave birth to America's of 
binge. Petroleum quickly 
became the foremost fuel for 
lighting and lubrication, the 
earliest uses for this black 
milk.of the earth that would 
ultimately nourish the world's 
largest industry. When the 
huge Standard Oil Trust 
monopoly was broken inte 34 
separate compamesin 1911, 
severalof its fragments 
remained among the world's 
largest firms 

Oil famines frequently 
threatened the U, &., but 
always drillers made new 
strikes, most notably 
the great fields of east ane 
west Texas, Within acentury 
after the Pennsylvania 
discovery, oll shouldered 
aside coal os the leading 
source of energy, By 1948, 
almost unnoticed, the United 
States already had become 
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Prem a igs | fewer ane! fewer well 
ware drilled! in thet §. as cheaper foreign 
al hecarme increasingly available. The 


Aral eel tee fallomed by 
vate ag jad prices, Aelped reverse the 


etn al ere a dunge in 


and liability 


NUMBER OF OIL WELLS 
— DRILLEDIN THE U.S. 


aneL importer of petroleum: 

()il's convenience 
particularly suited it foruse in 
motor vehicles—a 42-zallon 
barrel of crude oil packs the 
same Wallop as 5,700 cubic 
feetof natural gas orabouta 
quarter tonof coal, During the 
past three decades we tripled 
ourappetite for oil. [ts 
extreme cheapness encouraged 
wasteful use. 

In 1980 Americans 
consumed more thana fourth 
of the worldwide production of 
60 million barrels a clay—to 
propel ourcars, trucks, and 
boats, to heat homes and drive 
inlustry, and to provice raw 
material tor petrochemicals. 

Of this immense flow of ail, 
nearly nine million barrels a 


day comes from domestic wells, 


ranking the U.S. third, after 
the Soviet Union and Saudi 
Arabia, among world 
producers. The remainder 
must be imported, and the 
bulk. of these imports are 
controlled by the 13 member 
nations of the Organization of 
Petroleum Exporting 
Countries, who themselbyes 
produce half of the werld's oil. 
Butour dependence on imports 
is much less than that of 
Europe, and it pales besice that 
of oil-poor Japan, whose 
industrial economy must be 

U. 5. OIL RESOURCES 


lestimated recoverable 
in billions of barrels) , 





Our waning supply of conventional 
petrqhenm oonstitirbes aniy 

aumal! fraction of the sation 5 
Ratu! hescurces containing 

ail. Other, uncanvertional 

sources will nb ater acct of tie rine 
materials for niaking synthetic fuels 
for tramportation, 


fed by amobile pipeline of 
tankers streaming ijnata rate 
of foura day from foreign 
sources, located largely in the 
Persian Gulf 

At current production, the 
LU. 5: hasthe equivalent of nine 
years of oll reserves left. To 
counter this rate of depletion, 
we must discover the 
equivalent of three Prudhoe 
Buys in this decade alone. Vet 
most experts fear that few 
large fields remain to be found. 
More than 2,5 million wells 
have been drilled in the 
UU, 3:—four times a5 many as 
in the rest of the world 
combined. In 1980 drillers sank 
a record 60,0000 domestic off 
and gas wells, a fifth more than 
inthe previous vearand most 
of them deeper anc far more 
costly than ever before. The 
Investment inthis urgent 
search reached 20 billion 
dolls that year alone. Yet new 
finds still fall short of the 
depletion rate, 

Discoveries of skrnificant 
offshore fields, dramatic 
improvements in recovering 
oil from currently producing 
wells, rapiil development of 
oil shales and tar ands, and the 
liquefaction of coal-will be 
needed to halt thisominous 
decline—unless America 
learns te live on less. 
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NATURAL 
GAS 


Clean, 









convenient, 





and cheap 


PATURAL GAS, flowing 
from an estimated 165,000 
wells across the country, 
today supplies 26 percent of the 
natlon's¢enercy needs, Each 
year we consume 20 trillion 
cubic feet (TC F)}—and for 
vVears production has 
outstripped discnveries of 
hew reserves, leading many 
experts to consider fas a 
slowly dwindling resource. 
Since 1978, when gradual 
decontrol of prices began, 
asurge in oil and gas 
exploration has revealed 
vast new ims fieldsim 
the Rocky Mountain region 
and the Gulf coast of Louisiana, 
though their potential 
isstill undetermined. 
Estimates of proved reserves 
show that production 
In [970 exceeded discoveries 
by 39 percent, By these 
measurements, U.S, reserves 


declined to 195 TCF in 1979. But 


the Department of Energy says 
discoveriesin 1980 may 
have reversed this trend 

Meanw hile, policymakers 
advocite Luring to new gas 
sources, including imports 
from Canada ant Mexico, 
shipments of liquefied natural 
gas (LNG)}from Arab states 
and Indonesia, the construction 
of a gas pipeline from Alaska, 
and the costly process of coal 
gasification. 

Researchers are also looking 
More serigusiy at 
unconventional gas resources, 
long considered uneconomic 


todevelop. Huse volumes He 
locked in the Devonian shales 
of Appalichia. in the nation’s 
enormous. coal beds, and im the 
deep, brine-filled aquifers 
of the Texas- Louisiana Gulf 
coastrecion. According to 
the National Petroleum 
(Council, the most pramismne 
LOCOnVENtOnal Pescurce may 
be founclin concrete-hard 
peologic formations caller 
Heht sands, which underlie 
miny regions of {he country 
Today the industry produces 
oimost one TCE annually from 
such sands, which must be 
fractured underground by 
injection of high-pressure 
fhiics to allow larger quantities 
of gas to reach the well bore. 
Tight sands in the contiguous 
United States may vield 
between 192 and 374 TCF, the 
council <éays, although other 
estimates place total deposits, 
including Alaska, as high as 
BOO TCE, 

Behind the pronounce- 
ments of the policvmakers 
lie enormous uncertainties. 
Vast areas of the nations 
prospective cil and gas 
seciments remain to be 
explored, despite the drilling 
of 2,600,000 wells ince £859. 
Although drilling reached an 
ill-time high in 1980, only 25 
percent of the effort was 
devoted to gas. And the 
petroleum industry complains 
that leasing and environmental 


restrictioné« on iederal lands have 


prevented orslowed 
exploration insome of the 
nation's most promising regions 
The result hos beena 
fierce debate. Optimists, 
represented by the American 
(as Association, claim that 
natural cas supplies could 
be increased to between 23 
and 33 TCP avyearthrourh 
massive investments in 
alternate enuTces. But most 
analysts predict litthe change 
in U.S. gas supplies 
during the next decade. 


“We can't base our hopes on 
unconventional gas yntil 
we've invested the monry to 
find out what can be 
produced, savs Hans HH. 
Landsberg, senior fellow at 
Resources forthe Future (pages 
70-7 1. “Ttcould be a huge 
resource—but we must plan 
conservatively.” 





When U.S fosutfyel reserves are 
compannt in dnergy potential as eapresund 
in quads fa guadretion Britian thermal 
unit! coal rt by far Bie dargeat Bot when 
annual production 4 compared, naturel 
Bio fo the top af the fist, coal bo the 
tom. [The wee-of oul in greater Bhan 
either, buf only about three-Fithy a peoduend 
domverticaly; the reat dy imported 
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The potential for uncovwentional sources | 
of natural gat may be enormous, ao will the 
EH af finding and drilling for them 
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RECOVERABLE COAL RESERVES OF THE UNITED STATES 
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COAL 


Abundant 
resource, 
abundant 
problems 


RECENTSTUDY 
) described coal asa“ bridge 
to Lhe future.” AS the oost 
plentiiul fossil fuel in the world, 
cual has the potential for 
filling a growing proportion of 
the demand forenerey. But 
problems: ningue this promising 
old fuel 

Coal is found around the 
globe, but three countries 
(the United States, the Soviet 
Union, and China) own 
nearly twi-thirds of all 
Know coal reserves. At 
present rates of consumption, 
these reserves would last the 
world more than 200 vets, 
according to conservative 
estimates. Furthermore, 
geologists think the world 
probably has 15 times this 
much coal 

While the United States has 
the largest <hare—more thana 
quarter—ofthe 786 billion tons 
of known world coal reserves, 
both the Soviet Union and 
(China produce almostias much 
ced as we co, 
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Inaddition to the category 
otknown reserves, the US, 
Geological Survey has 
calculated that the United 
States hasan estimated 1.7 
trillion tons of depersits at 
depths of less than 3,000 feet. 
Unfortunately, much of this 
cal is nolaccessible with 
present technology or al 
Presi Pces. 

United States coal mining 
began inthe mid 1700s, but coal 
did notovertoke wine as the 
mayor source of fuel until the 
IS80s. As recently as 1925 this 
country reliccion cool for 70 
percent of its energy. Coal was 
itself overtaken by both oil and 
aasin the late 1940s because 
they were cheaper and easier to 
transport. 

[n 1979 a quarter of a million 
miners labercd in some 6,000 
American mines scattered over 
states. Thev produced Tao 
million tons of coal, two-fifths 
from tndéerground mimes 
founci mostly cast of the 
Mississippi and three-filths 
from surface or strip mines im 
both the eas? and west. The 
cost: more than a hundred lives 
and thousands of injuries that 
year alone 

Old King Coal has been 
deposed by cleaner, more 
manageable fucls, and calling 
the United States the “Saudi 
Arabia of Coal” will not put 
the former monarch back on his 
throne, Cur gritty black onal 
providesonly a fifth of the 
energy we use cach year. OF 








Varmole in i compontron, coal comes in 
four main ranky, (deadly, coal shoud de 
high in heat content but tow in ienprities, 
Sutfor ip of particular cancerh since at i 
cortosrer. degrades fhe guaity of steel 
products, and condributes to water and air 
pluton. Moat western sirbiturnencas 
cod! pow beitng antertcryiely tepdoited |, 
while mbermediate ir beat content, 
fortunately low i) sulfur 


the 680 million tons af coal 
consumecdin 1979, 77 percent 
was burned by electric 
utilities. 

‘To produce anc use 
substantially more coal than 
weslo today, anumber of 
problems will have to be 
tackled: capital shortages 
at high interest rates, 
manpower (potential strikes 
anddeclining productivity), 
and transportation, inchiding 
inadequate rail facilities. 
Einvironmental concer 
include the proper reclamation 
of mine sites, potential 
chanecsin global climate 
caused by increased carbon 
chexicde from burning coal, 
and the emissions from coal 
stacks that erode buildings, 
poison lakes, and damage 
hun bes 





Thete soenough potential heat ina typecal 
pauind of coal ip Sew mere then JOD cups 
of coffer. And there may Se upwards oF 
bro trilen tone of deposits i fhe LS. ben 
Green ay toch ee all be presently lene 
coal reseryier 
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energy issimply hot water, In 
Boise, Idaho, hot springs have 
heated homes since the 1890s. 
The earth's hot water is also 
wéed forindustrial processing. 

Stepsto produce electrical 
power with hot water are 
bring taken in California's 
Imperial Valley, where 200 
megawtts are expected ta 
goon line in 1983. 

Earth heat sometimes 
exhibits itselfasdry steam 
with high presstire and low 
wWiler content Such steam, 
driving turbines at The Gevsers 
in California, produces 
electricity equal to half of 
San Francisco's consumption, 

The Department of Energy is 
seeking to extract heat froma 
third type of reservoir, hot dry 
rock. Such formations contain 
heat, but no water to bring itto 
the surface, Plans are to 
circulate water through drill 
holes connected by man-made 
fractures in the hot rock. 





THERMAL 


“Tapping 
.«* the earth’s 
furnace 


EFOTHERMAL—vearth 
heal—enerey ls one of our 

most plentiful resources. 
It results from the 
radioactive decay of rocks, 
which raises the earth's 
temperature an average of 25 
degrees Celsius with each 
, kilometer of depth. 

Experts estimate that 32 
million quads of energy are 
snMering within ten 
Kilometers of the surface of the 
United States. Most-con never 
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he utilized, butinterestin Developmentand 
Mia exploitable areas isquickening,  refinementoftechnolozyare 
Some 2,300 (xX acres of necessary to make geothermal 


cnerey economically 
compelnve with conventional 
sources of energy. However, 
experts estimate that by the 
year 2020. geothermal could be 
adding 14.5 quads annually ta 
the national energy pool 


fécleral land have been leased 
for exploration and 
development, und in 1979 
drilling increased 25 percent 
aver LOTR. 

‘The most common surface 
manifestation of geothermal 
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“NORTH AMERICA HAS 41% OF | 
THE FREE WORLD'S 
URANIUM RESERVES 


| CANADA 2 U.S. 20% MENC.I7 





URANIUM 
Too hot — 
to handle? 


PAaENNSYLVANIA, which 
saw the birth of the oil 
milestonesin U. 5. miclear 
Mevelopment-—from the first 
commercial reactor at 
Shippingport in 1957 to the 
highly publicized nuclear 
accident at Three Mile Island 
in 1979. In the wake of the 
accident, public attention has 
become sharply focused on 
this energy source and its 
radioactive fuel that generates 
atenth of our electricity. 
Doubts intensified by this 
incident make the future of 
nuclear power unclear, 

The energy uranium holds 
isawesome, A pound of 
enriched fuel contains nearly 
three wetllion times the energy 
ina pound of coal. Its 
radioactive power demands 
elaborate precautions during 
plant construction and 
operation ancl in the safe 
disposal of waste—still an 
unsolved problem and asubject 
of anxious study both here 
and abroact, 


















RECOVERING ENEAGY 
FROM NUCLEAR FUEL 
The amount of energy 

a reactor can extract 
from the available 
energy in the fuel, 
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Most L$. reactors are of the light 
water Sipe rhe Canada hes developed 


converter, hell § aati §. ca stil! debating 
the futiore of tty breeder program: 









More than a quarter ofthe 
world’s uranium underlies 
the western United States, 
primarily in New Mexico and 
Wyoming. Estimates suggest 
that these reserves could 
power all domestic reactors 
now operating, plus those 
under construction and in 
the planning stage, for 
their 30-year lifespans. 

Lastvear the nation’s 300 
uranium mines gouged out 
some 20 million tons of ore. 
Fromeach ton, millsand 
enrichment plants 
concentrate a few ounces 
of radioactive uranium 235, 
the isotope that the reactor 
splits to release the atom’s 
ENOTMOUs Nery. 

When the reactor boom 
blossomed in the early 1970s, 
utilities ordered a hundred 
plunts in three years, and 
optimists envisioned 1,500 
reactors generating thousands 
of megawatts by the vear 2000. 
Then escalating electricity costs 
and the Arab oil embargo— 
coupled with quickening 
conservation efforts, rising 
inflation, and plant costs— 
slaked energy demand. Reactor 
orders dropped. Increasing 
health and environmental 
worries forced further plant 
delavs, Asa result, the 
American uranium industry 
has fallen upon hard times, and 















URANIUM IS CHEAP 


One pellet ($7) has the energy 

of three barrels of olf ($84) or one 
ton of coal ($29) af mid-/980 
prices to UW. 5. cetiiities. 


miners have been laid off. 

Yet nuchtarenergy has 
carved a vital niche, especially 
in New England andthe 
Midwest. Reactors produce 80 
percent of the electricity in 
Vermont, 60 percent of Maine’s 
electric power, half of that in 
Connecticut and Nebraska. 
Outside the U.S. 21 nations 
operate 166 reactors, with the 
densest concentration 
in Europe. 

Research abroad and at 
home promises substantial 
improvements in reactor 
efficiency. In addition, 
recycling of spent uranium 
can recover much of the nearly 
one-third of the wranium 235 
that isnot consumed duringa 
conventional operation. 

The breeder reactor, which 
produces more fuel than it uses, 
is already operating in four 
foreign countries. Breeders could 
multiniy the reactor fuel 

supply 7(-fold. But breeders 
convert uranium to plutonium 
reactor fuel, only afew 

pounds of which are nteded to 
makea powerful bomb. Many fear 
nuclear weapons proliferation, 
and breeder development is 
stalledin the U.S. 

With uranium, as with so 
many other fuel alternatives, 
the raw material and technology 
are already at hand. The question 
isnot cane we, but will we. 
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ENERGY 


Ours for 
the taking 


HESUN LAVISHES 

ener#y on the earth. 
Without its warmth our 
planet's temperature would 
heverrise much above 
—450°F, Every year 
through photosynthesis, the 
solarenerzy embodied in 
the food and fiber grownin 
the United States exceecls 
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the energy inall the oil 

we burn during the same 
perio. Every vear the 

sun drenches the U. 5. with 
500 times moreenergy than 
we consume, If we could 
tap only atenth of that, the 
entire U.S. enerey demand 
could be met with the ravs 
striking just 2 percent of 
the nation 3 surface. 

Although we usually think of 
solareneray simply at stinlight, 
the term includes many other 
resources, By heating the 
earth and ite atmosphere, 
the sun generates wind, waves, 
rainfall forrivers, and ocean: 
temperature differences. 

The sun helps grow trees for 
firewood and plant= that can 
be converted to alcohol 


Solar resources already 
supply 6 percent.of our 
encrey, but mostly in the form 
of hydroelectric power and 
wood, Today we are learning 
new ways to harness the sun's 
PUWweErs. 

The map below shows how 
the solarenergy potential 
in kilojoules (roughly equal to 
Btu's) varies across the 
country. This includes 
both the direct radiation 
obvious ona sunny day and 
usable sunlight diffused by 
Clouds, dust. and water vapor. 

Flat-plate collectors can 
convert sO to 40 percent of the 
kilojoules that strike them into 
heating energy. It takes about 
55, 000 kilojoules to heat 
water for afamily of four fora 


THE SUN'S POTENTIAL 
Average daily total radiation falling on a horizontal surface 
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day. Foratypicalhousein 
Washington, DB. C..ten 27 
square metersofroofton +4, a 
collector space can provide halt a 
thatfamily'shot waterevenin "RSS 
winter. Inthe sume area, a40- 
squarc-meter greenhouse, or 
a3-square meters of masonry 
walls or floors behind south- 
facing windows, can provide 
half the space heating if well 
integratedintothedesign. a enureThevehecredah — Seeshaw argue Brasetons 
Butannual performance concentrates solar radiation to produce : 
canvaryasmuchas20 percent — /#*tre/ty directly through photevoltae 
because of changing weather 
conditions. And figuresdiffer, 
of course, from house to house 
and from regiontoregion, ja 
The maps at right llustrate 
the potential of fourleading 
collection techniques 
Some solar devices use 
concentrators {1} to reflect 
stinhight striking a large area 
onto asmallersurface, which aged for December, 
gets holenough to boil water 
andcreatesteamtogenerute tubes Fld wether clletrs ie eg Bere ON 
electricity. The concentrators in the Northern Hemiaph Pagar ss s), Tey willine direct. reflected, 
track the sun continually in | wien fa 
orderto stayin direct sunlight 
Solarenerey is also used to 
heat water or air in flat- 
plate collectors(2),which s+ 
normallyfacesouthon + | 
rooftops: Hot watercanbe “jen | 
used for household needs. In sum | 
co-called active solar systems, ! 
warmed water or air con heat | 
buildings when aided by 
pumps and fans. Water for 
many industrial processes also sive soles al require oar heat inside. Insulating 
can be heated with these ichancl eno lca Sot glass c retad eat lots on cold right 
collectors. ovine sie etithn tit abaorted ob at smc fe ordi fa 
Windows, greenhouses, 
and other formsof passive 
solar architecture (3) can 
oftencollectasmuchsolar 4 
heat as. an efficient building 
needs. Evenin Decemberin 
Seattle or Vermont, the sun 
can warm buildings signifi- 
cantly. Photovoltaic, orsolar 
electric, celle(4+) have consider- 
able promise across the country, 
Some proponents say solar 
could meet even more of ouren- ee ‘Solar-oell arrays ste Lah a 
ergy needs than the official goal hig-nirepe sen 
of 20 percent by the year 2000. rection, Banks ae Lalas 
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COW should tire emery 
problem be handled? A 


former government official, 


Oreséearch economist, an 
environmentalist, a professor, 
an oil executive. ancl a 
physicist present their views— 
und demonstrate that even 
experts disagrec: 


John F O'Leary 


LESS! HCeARY 5a (ATES. PS 
AE United States hos been 
slew to recownize the bosic 

nature of its enenry problem— 

undue dependence on the 

Afiddle East. It has been eren 

shower io fore 

pctiors fret 
com within time 
reaoore sare 

Order to cur 

energy eCopirry 

amd prevent the 
recurrent crises 
and open-ertdied 
price mcredses 
of the 1970s 
The singiec 

The pitportartt 

factor 

contributing to the global 
energy ier. 1a 
consequence of the geologic 
gecident that depostted 
enormous Volumes of oi! in the 

Persian Gulf region. Today the 

weird CCHuTTeS Briere y 

equivalent to about FOO muliion 

barrels of olf per day, OF thts, 
some BU million barrets per doy 
is oil, a third of which comes 
from the Perston Gulf area. We 
use Olin this volanre because 
if is convenient and cheap, 

Durtre the 19505 and ‘0s 

Mfiddle East oi! becume the 

world '¢ leaatexpensive dru 

most proific source of mupyply. 
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experts say 


The risky consequence of this 
dependence has been to 
subject the economic future of 
the United States and, to an 
even greater extent, that of its 
allies, to the fortunes of the 
Various fovermments in the 
Adiddie East. Thot arena, 
chronically unstable, has 
become ever more so as the 
wealth associated with orl 
production ani the 
temptations assectated with 
ins controy. ave: ron) bn ihe 
past decade, 

Tnetoabtithy in that region 
will gimost certainiy continue 
fo increase in the years ahead, 
with interruptions to supplies 
more frequent, and off prices 
Incredsing at rates that will 
pose an even greater threat to 
the stability of the world 
ecomomy thin today 

The United States has, in the 
past seven years of groping for 
solutions, finally made o stort 
on most of the purely domestic 
actions possible to deal with the 
enerey dilemmio. ft hos begun, 
haltinely, to provide for 
manucement of otf supplies 
during supply crises. [t has, 
offer too much delay, launched 
ws On a course Of onmergy 
conservation..And, with the 
notable exception of nuclear 
power, if fos finally put 071 
place programs aimed at 
expanding both conventional 
and unconventional energy 
resources 

A final element of action, 
omwever, fas mot beer 
effectively addressed, and that 
is bringing the United States’ 
enormous copital ond 
technical resources to bear more 
directly on the global energy 
equation, We must view the 
world's energy ecomomy as a 
single complexty interrelated 
ayatem, one now unduly 
burdened! by (fs emphasis on 
Persian Gulf oil In tom we 
must grasp the potential for 
reducing that emphasis by 
increasing supplies of other 
points within the systemt, 
Thus the development of heavy 
off or tar sands in Canada or 


Venezuela, the opening of a 
new coal mine in Poland, or the 
completion of a hydroelectric 
project in the Amaren can 
provide an additional supply 
in the global system ana thus 
temper the capacity of the 
Afiddle East to disrupt that 
system 

Enormous opportunities exist 
for expansion of conventional 
as well as unconventional 
resources in this hemispliere 
and in other parts of the world, 
if the technology and funding 
can-be made available. The 
Mejor retndiniorie task of the 
U.S. is to find the polftical 
cried financial nruechoreisris 
that will permit these resources 
to be applied te resoiving the 
global energy dilemma. 


Hans H. Landsberg 
CENTER FOR ENERGY POLICY 


KESEARCH, RESCILIMCES 
FOR THE | FUTURE 


OW OFTEN we hear it: 

“What this country needs is 
a crash program for energy 
independence—something 
similor to the Manhatten 
Project, which produced the 
atomic bomb, or the 
spectacular Apollo space 
program. We need an energy 
moon shot!” 

Would that it were so 
simple, But the headlines tel! 
us differently 

Take those that biared from 
the front page during only the 
pust two years—the fronian 
revolution, the accident of 
Three Mile Island, the Iragt- 
Iranian war, All affect the U.S. 
energy sttuction. They alse 
show that itis not a simple 
crisis that lends iteelf to a 
dramatic moon-shot solunion. 
Instead, it is a continuing set of 
problems thot will be grending 
out for decodes.-They present us 
with two undramatic choices: 
We cope well, or we cope poorly. 

This is not to sav that good 
news Will be wholly absent. 
Energy efficiency will continue 


fo mise with improved motor 
vehicles and brilding 
construction, Pollution will 
fesse with triproved techuiolory 
and institutions. New ertergy 
sources Will replace conventional 
ones, Fut slowly 

Interspersed will be setbacks 
and near disnsters—the 
fartker spill, the nuclear 
mishop, the discovery of a mew 
toxic effluent, the jolting loss of 
an oil-supplyine nation. 

Coping with such problems 
involves four basic tosis: 

* Adjusting to high and ristrigs 
energy prices. 

* Moving to.a different mix of 
enerEy sources, in which ofl, 
and after a while gos, will 
decline in tmportance. Coal 
and, if we ore fucky, nuclear 
energy will rise, ane in the 
longer run nonmdepletable 
sources will come to play an 
ever increasing role. 

* Accomplishing the above 
losks with the feast damage to 
the economy, ihe environment, 
and world peore, 

* Adopting medsures that will 
endble wa to withstand the 
inevitable shocks and new 
stresses thal lie ahece, 

These formulations look 
straightforward and achievable, 
But with LIL each LESioe fests 
another, Adjueting to higher 
prices involves coping with 
increasing inflation, Higher 
prices hit different seements of 
the population with differing 
degrees of severity. And 
Iiequitapie policies woulil 
COLse POM divisiveness, 

Moving to new energy sources 
such as syrifuels raises 
complex questions of 
SOVerimerntt s rie regarding 
open or hidden subsidies, 
regional rivalries, and poorly 
understand environmental ana 
reaith fuazarcdes. 


Ha sa ihe 





A word obout those who wish 
fo participate on shaping 
enuerey policy: If they insist on 
aecing oll their goals acceptert, 
policy will continue to be made 
migony and frustration, and 
at d- snail's pace. 

To the extent that we relearn 
the forging of consensus, 
emery policy too will bemesit. 
Without it, energy 
policy koi will contin ts 
the major battleground for 
opposing philosopities, ife- 
styled, Gnd perceptions of the 
notional destiny, Theat periops 
is the hard core of the energy 
problern. 


: : i ii 
Steven C. Wilson 
EN THEDS MOURN TAI 
ADIL ULTORE (SED eE 


| GREW CP unfettered by 

enerey concents—left them 
fio the SNES <1 electric 
companies, Big Oil, the 
government. They coped with 
the problems. J consumed, But 
after the 1979-74 oil embargo, 
Karen and I changed our 
ift-style 

Gur response to the morional 
nonresponse to the oil 
embargo was to become 
personally emency self-reliant, 
Qur divs are no longer 
splintered by the clock, our 
weens no longer defined by 
colendar, our wctivities ne 
longer fractured by commuting 
Work and annual leqve merge 
together, tuned to season 
arid suri 

There is a satisfying honesty 
to the daily immediicies, We 
like the rhythm, the puleebeots 
of our planet responding to its 
tn: Spring plorting when the 
soil temperature redches 4.4" F, 


fuel-wood cutting when the sap 


Is down, digging carnots and 
potatoes before the fall roina, 
pruning fruit trees in the 
Winter GLUCOVErLIs, tier 
maintaining the hannany af 
the land, water, and seosors 
Organic gordens, home 
preserved foods, woodlots, 


sme work ina place af 
beauty, and a clothestine by a 
home notconnected to the 
commerciat power grid—tese 
triines are real. [ kaow that 
qiost of whot we eo fhe 
marth in Our 
hortie, Our fier 
water are all 
BOL poraceredd. 
Chir tool are 
selected for work 
en aricerterit 
rofther thin labur 
coving. 

And So Cir 
perception of 
the “enerey 
Crista Is different owes 
fom mony. We 
feel that Americans have 
hod too much fuel available, 
that less will be better. | are 
ites the “enfects of too much 
enerey” 

With our birger-is-thetter 
disposable, minrencwoble 
energy past, J wonder if, in 
squandering fuel we fee mot 
ols subverted: eel f- reliance, 
newehborly concer, the active 
copreciocion of balounce arte 
hormony. J think confronting 
Tis bere of tac mich, teo 





crisis 


s00n would be the proper 


response to the energy crisis 


Robert B. Stobaugh 
HARVARD GHADBUATE SC Hi! 
OF BUSI ESS AGPMIAISTERATIOUS 


eee LoS? Lipitor! emery 

proiernt: facie the Oinrtecd 
States is the need fo reduce 
dependence on imported oil 
While PLOUAie on 
adequate fewel of economic 
Brow ttt. 

Reducing oil inyports ts 
urniperative to lessen the «train 
on the international oil market, 
to moderite future of price 
rises, diel fo avoid onatly 
recessions. ft wok faporose 
POCO retin: writ) our 
ailies ond enhance our 
Noftirniin security 

Lirfortinotely, mele 


LUTLLES fhe autho for domestic 


oland gas, Prospectors hove 
so picked over the giant fields 
that the likelihood of finding 
additional huge fields ie much 
less than inthe post. Four 
times as many oll. and gos wells 
have been drilled in the United 
States as in the reat of the 
world put 
together—yet 
oll and gas 
reserves have 
been declining. 

Coal and 
nuclear power 
face political 
harriers. They 
inflict penalties 
or side effects 
paid for not 
directly. by 
utility 
customers, but by the general 
public: air pollution coused by 
burning coal, unsightly 
damage caused by strip mining, 
fear of a nuclear accident, ancl 
the distilee of passing muclear 
wastes alone to future 
Benerations, 

Controversies about these 
side effects out be soled 
politically, This inewitably 
means a slower solution than if 
the tesues could be decided tn 
the marketplace. 

Still, same increases in coal 
and nuclear output will mocur, 
perhcips enough to offset 
probable decreases tn otf anid 
Ras output. The likely result: 
rere growth in energy supply 
for at least a decade. 

Synthetic fusls—pertaps 
important by the end of the 
centun—toce barriers 
including wncertam 
emironmental effects, 
commercially wiproven 
technologies, multibillion-dellar 
investments for each of dorerns of 
facilities, ond long times 
required for design and 
construction. Like solar energy, 
their contribution by 
1950 is uncertain. 

This leaves. only two 
aitermatives: slow economic 
growth interspersed by 
recessions—a very cathy 
solution—or a. substantial 
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increase in energy efficiency— 
by fur the preferred route. 

To achieve economic growth 
Without increasing energy 
consumption requires heavy 
energy-saving investments, 
These are discouraged by 
present regulations that keep 
energy prices below world 
levels and thus give consumers 
an anrtudl! subsidy of 150 
billion cellars. 

Though political 
oppositions will be formidable, 
we should let oil prices rise to 
world levels, to reflect the 
desirability of reducing oil 
imports. We should decontre! 
the price of all noturel gos and 
encourage electricity pricing 
that reflects the cast of 
building new power plants, 
Moanwhile, the government 
should give financial incentives 
fo investments that improve 
energy efficiency. 


Fred L. Hartley 


CHAIRMAy AND PHESIDEST, 
USTON CLL COMPANY and 
PRESIDENT, AMERICA 
PETHOLEL SINSTINTE 


AMERICA suffered a series of 
** energy shocks in the [970s 
that reverberoted throug hortet 
our doonomic system. We 
suddenty were faced not only 
with dramatically higher prices 
but also with uncertain oil 
supolies—supplies subject ti 
the goodwill and political 
stability of a few nations. 
Cheap imported ofl, which we 
had permitted to become our 
Lifebhood, fad become on 
ccondmMic weapon, 

No longer does our nation 
hove a choice. We cannot 
continue dow the careless 
path of past years. We mist 
pursiie a ocourse Of action that 
will reduce our dependence on 
imoorted off supplies. 

The United States has the 
renures to achieve a higher 
degree of acif-sufficiency in a 
comparatively short time. We 
have ample sources of oil, 


naturales, codl, wraniun, 

and geothermal energy 
available within our borders, 
more of cach than has-been 
produced so far in the history 
ofour nation, These emery 
sources Will be able to erry ts 
netonty until eynthetic oi! ane 
eas are-availdole in forge 
quantities from ofl shale ana 
coal, but aise wrttl solar 
power and other nontraditional 
energy forms are developed, 
Geothermal production atready 
is Well established in 
California, anda number af 
companies are proceeding with 
projects to produce olf from. our 
vast shale deposits: 

The Congress also has taken 
same positive steps, and the 
Jromework for an appropriate 
energy policy is in place. [fT we 
cre to win back control over our 
energy future, however, the 
nution must accept @ progam 
of regulatory consistency and 
balanced environmental low, 
put greater reliance on free- 
murket forces for pricing of 
energy, provide access to 
public fonds for energy 
exploration witile preserving 
the prect wilderness anes, 
promote use of coal artd 
Puch power without 
sacrificing health and sofety 
considerations, and continue a 
ViROrows stress on enerry 
efficiency. Aigher prices, mare 
eHictent cnergy-consuming 
machines, and greeter 
dedicatum to the total 
conservation ethic hone 
resulted, incidentally, ina 20 
nencent drop oi ail inparts in 
1980 from the previous year. 

With continued 
encourdgement, this nation 
could halt the decline tn 
domestic oof atric put output 
and stabilize Wo nein current 
levels or higher. We could 
cut ofl dmperts in half. We 
could double our tse Of coal. 
We could ofple noclear power 
by finishing plants thot already 
hove government permits, We 
could getsynthetc fuels ond 
renewuble enersy sources on c 
faster track, We could 





strensthen the dollar by 
heeping fens of billions of 
dollars in the U.S. We could 
moe our personal life-style 
more secure by providing 
assured dnerey for jobs, 
hors, and cors. 

In short, we could strengthen 
both aur military security and 
ur economic Securily 

In. the development of 
synthetic fuels the need ts fir 
soVvermmont promotion, not 
preemption. The goverment 
tor help by supperting 
research and demomstration 
projects, The private sector 
aione shih! undertake 
commmerctal-scale plants, with 
the chore to succeed tr 
foil at tts own risk, 

The eriergy industry confronts 
a bid chullenge. Gheen the 
Op DOrTUnty fo fist 
responsibty, we will provide 
America with energy enough to 
keen fer strong and secure 

Our notional objective must 
be tricreased enmency self 
sufficiency without 
environmental retreat oF 
SCOTILC Gishocthor. Celery 
the determination, the courage, 
ana the viston, tie people af 
the United States con continwe 
to enjoy the advantages of an 
Industrialized society. 


Amory B. Lovins 


PRIEN TES Co THE LARTH 


LIOW MUCH energy do we 

© Teed? fstoereugh te do wach 
task, balancing the cost of 
getting more energy aguinet the 
cost of wringing more wor 
from wlio we alreu!y hove 
Investing in this way over the 
net 20 years could reduwetr 


encrey use in fhe C). &. bya 
quarter und nonrenewahle fuel 
use by nearly helf—with a tw 
thins increase in griss 
ronal product, wachoonged 
life-stylos; amd more jobs. 

Like someone who connot 
Ai the bathtub becuuse the het 
Welter Peers Pune oUt, we 
need not a bigger water heuter 
but oa ploy. Cost-effective 
plugs can double the efficiency 
of industrial motors, triple 
thar of lights, quadruple that 
of household appliances, 
quintuple thot of cars, ancl 
ticrase that of buildings 
tenfold or more by making 
then so heat tight (het well 
ventilated) that they need little 
licting or cooling 

What kinds of enerey do we 
nee? The hinds that will do 
each tusk at the feast cost. The 
aneciil tusks thot tustify wary 
electricity—the costliest form 
af ener ey—are onby & percent of 
oll energy uses, but are met 
Helce over bv today's power 
stations: Still more electricity 
Wane be grossly uneconomical! 
for the other 92 percent of aur 
neds {ection and vehicular 
linia firels), 

Thus debuting which electric 
power station to bistld ts 
Hie shopping for brandy to 
burn in voor cor or 
Chhippendoates te burnt tn wour 
afove. Compared with efficuency 
provements, ay new powe»r 
station i a0 uneconomical that 
at Wend! sere rinomey) Gey yratiner 
operating it! No wonder the 
morkcipicce fies reectee 
nuctear power, 

Where cart we get our energy: 
fictive and posatve solar het, 
pussive-solor cooling, Uiquid 
fuels from biomass wastes, 
existing and small-scale fredro 
power, and wind con meet 
vertally all long-term enerey 
news for the United States, 
Great Britum, West Genmnany, 
France, [apan—indeed, 
aery country wet studied 
Avadhahte renewable 
Scurces Ore not cheap, 
cosy, or instant, but they are 
cheaper, caster, anal foster than 


1 


syrifuel plots or still 
COAtiier Power stators. 

These best buve—effictency 
improvements, followed by 
“sol tectininiogies (renewable 
scurces)-—aore also the fastest 
oil savers. [ust weatherizing 
Hutldings and replacing 
ineffictent cors coulil 
eliminate oll inports by about 
(990), Consider: During 1973- 
PSowve fOr fwice as much energy 
Cpaciry, Pwice es fost: fron 
efficiency improvements as 
synfuel odvacates claim they 
con provide at fen tones the 
cost. In 1279 about 9? percent 
of OS. economic growth was 
fueled by ener satis, only 
d percent by mew supply, 
Nuclear power, after three 
decades ond vast subsides, ts 
deliwring about halfas much 
enerev os wood, Millions of 
Pdi! actions in the 
marketplace ore outpacing 
centrally planned supply 
progrcris. by 
nedriy forty 
io one 

Rcerionriec 
and political 
cel crtereers 
ve ole y 
spurred 
thousands of 
COMmuMnunities 
fo start 
intplementing 
d soft-enengy 
path from 
the bottom up: Washingtor 
WEE be the deest te drow 
Enercy (4 neither too 
complex-nor too technical fer 
ordinary people to widerstand— 
aithough it may be too siniple 
and too potiticol for sere 
technical eaperts, 

In short, as Lao-tzu advised: 
‘Leaders are best when people 
scurcely fmow they exist, not so 
aod when peaple obey. arta 
acclarm them, worst when 
peenls despise them. Fail to 
honor people, thy foil to Aorter 
ou. Aut of good leaders whi 
talk jittle, when their work is 
done, thetr aim fulfilled, the 
people will all say: “We did 


SHER? mhlewat 


this ourselves: " r 
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To help free this nation 

on wheels from its precarious 

dependence on foreign oil, 

the United States embarks 

on amassive program to 

develop alternative fuels. 

In this quest for energy 

independence we plant the 

seeds of enormous opportunity 

—and pose new perils to an 

already stressed environment. 
The challenge finds a symbol 

(facing page) in lumps of 

abundant U.S. coal inside a 

plastic gas can— energy aplenty, 

buta problem to pour. 


By THOMAS Y. CANBY 


Photographs by 
JONATHAN BLAIR 
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OU ARE DRIVING your car in a year 

yet tocome, into the sunset of acentury 

fast facing. A glance at the fuel gauge 

shows you're nearly empty. A service 
station looms, and you Veer In, 

What will your car be using in that clecacie 
of the 1990s? The same superb gasoline or 
diese] fuel it now gulps with such gusto? 
A blended brew of gasohol, or even straight 
alcohol? Or one of those unlikely synthetic 
fuels wrung from rock? Perhaps vour car 
is Hectric, and simply needs a charge-up. 
Or, perish the thought, maybe the station 
is closed, with weeds growing up around 
the pumps: 

These questions, so vital to us behind the 
wheel, also burden those high in govern- 
ment. and industry. They reflect the fact that 
the United States is at the end of the road 
of abundant petroleum supplies on which 
transportation is dependent. This means 
that we must not only conserve but also, in 
the opinion of many, detour in the direction 
of crude-oil substitutes, known as synthetic 
fuels or synfuels. 

Today we produce no svniuels, except for 
a welcome trickle of gasohol. But we have a 
choice of many new avenues to take, some 
potentially as broad as the road we have 
traveled, For no other nation possesses our 
Vast resources for making synthetic fuels 

Syntuels can be made from coal, and we 
claim more than a quarter of all reserves— 
enough for a trillion barrels. 

Liquid energy lies locked in rock forma- 
lions known as oil shales, and we harbor an 
estimated 600 billion to a trillion barrels re- 
coverable: We have deposits of tar sands 
that contain more oil than our conventional 
petroleum reserves, Our farms and wood- 
lands can produce millions of barrels of alco- 
hol,.a renewable resource that we can tap 
vear after vear. 

Why, in this fuels paradise, do we face a 
fuel famine? 

Part of the answer lies in lack of effort. 
The seven milion barrels of oil we import 
each day at disastrous expense 1s almost the 
amount consumed by our cars, trucks, and 
airplanes. Only now do we begin to show 
determination to spend this money at home 
by making use of our alternative resources. 

Also, synfuels are expensive and often 
dirty. "Qilcanbe (Continued on page at)! 














Wresting 
oil from 


reluctant rock 


*() TAP Colorado’s shale-oi 
eum and its partner, Tenneco, 
dre excoviting the world’s most 
unusial 
When it starts producing in about 
985. 1t will miraculously extract 
cilfrom ore still deep beneath the 


honanza, Occidental 


underesrinon! = mine, 


surface—u sharp contrast to most 

shale operations, which will pro 

cess the rock in surface plants. 
Beneath 


fromes (1) thot hold ventilators 


savecraoper  Awited- 


anid elevator Aoists, momrroneat 
mine shafts (2 and preceding 
powes) penetrate tie ores, Giant 
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elevators fower 250 miners at a 
time: they also funnel down 
equipment, including trucks: #0 
loree they must be lowered in sec- 
Hons, then reassembled. in sub- 
terronéan mochine shops—never 
fo see the surface again. A thou 
sand feet down, where the richest 
ore begins (3), the miners blast 
nuics of hercontal 
Lown os drifts. Alone these they 


tunnels. 


cone the ming s vitals, ad wast 
honevcomb of chambers called 
retorts, each thirty stories high 
and half an acre in size. 

To prepare #ach retort, a crew 






excaivates three cuvities (4, 4, 
and 6), trucking the ore to a shaft 
to be hoisted for processing onthe 
surface. Working in the cavities, 
blasting experts plant thousands 
of pounds of explosives in the re- 
lOrr sé remaining ore (7), icdeto 
nation, the fractured ore expands 
to fill the cavithes, a sfep RAown 
as rubbling (&) 

With the retort a column of 
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(‘Continued from page 74) extracted easily 
and relatively cleanly,” noted Dr. Kenneth 
(ox of the Department of Energy's (DOE) 
Los Alamos laboratory in New Mexico. 
‘But coal and ou shale, our most promising 
synfuel sources, are solids. This means han- 
dling cnormous quantities of ore anc build- 
ing incredibly complex processing planis 
These make synfucls much more expensive 
and more damaging to the environment.” 
Despite their sudden popularity, svnthet- 
ic of) and gas are not new. An Enelish docu- 
ment of 1694 describes the making of “ovle 
out of a kind of stone” —the first known pat- 
ent for shale oil, Hy the 1850s the Scots had 
developed a shale 
industry that last 
el a century 
Europeans also 
learned to convert 
coal into Hamm- 
ble- gas, and by 
isi7 Marylanders 
completed a 
pus plant to light 
Baltimore. Other 
raster cies soon 
set up plants, each 
managed by a“pas- 
house gang.” Not 
until the 1940s cid 
many give way to 
lectricity or natu 
ral gas, Thus little 
more than & gen- 
eration =eparates 
the death of one 
era and the 


birth of another, 


cial 
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A pioneer in the synfuels boom, Lr, 
Anand Hammer, Occidental’s chairman, 
hots flaming shofe from Ais company's 
Exxon, Standard On! of Indiana, 


Wobtl, Unian, and other petroleum giants 


Tine 


pursue sftale ventures. Most will process 
the ore-on the surface instead of wnder- 


RrOuN dipke Qhey 


Ghost of boom times past, this Colorado 
retert (oppesite}—o “new expertmental 
dit atill a ie LP Al 


GEOGRAPHIC story on shale deposits 
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It will be a big baby. Last vear Congress 
approved an ambihous synfuel goal ol 
500,000 barrels a day by 1987, and two mil- 
lion barrels caily by 1992. “A national effori 
on this scalein peacetime is unprecedented,” 
asserts Dr. Ruth Davis, DOE's assistant sec- 
retary for resource applications. By 1992 
this means between 30 and 40 mammoth 
coal and shale-o1l plants costing from one to 
six billion dollars apiece 

Observes W.T. Shek, Ir.. senior vice 
president of Exxon (Company, U.s.A,,."We 
are looking ata onee-in-a-lifetime phenam- 
enon—the creation of amajor new industry 
on the scale of the railroads and aerospace.” 

Most experts believe that the first major 
flow of svnfuels will come from western oil 
shale. At least four commeéroal projects 
alread under way in northwestern 
Colorade and another in Utah. Roch ores 
also hie inadtacent Wyoming 

Early settlers in the region were dismayed 
when their stone hearths burst into flame. 
Soon they learned how to cook outa black oil 
from this abundant “rock that burns,” and 
their furnaces, known as retorts. provided 
them with lubricants, With the sinking of 
the nation’s first of well in Pennsvivania in 
1859, the shale boomlet went bust—the first 
of several such cycles. 

Geologists mapping shale country found 
that ilencompassed a geologic remion Known 
as the Green River formation, an area twice 
the size of Massachusetts. Lone-vanished 
lakes had deposited plant and animal seci- 
ments that later formed a rubbery hvdro- 
carbon known as kerogen. Heated, kerogen 
releases oil, often 25 gallons and more per 
ton of rock. Today geologists calculate that 
the formation holds enough to meet the na- 
hon senercy needs for decades—t obstacles 
Li exploring it can be overcome. 

“Shales time has come.” cdectared its most 
daring padvecate in fis Los Angeles office: 
Dr. Armand Hammer. 32-vear-old chair 
man of Occidental Petroleum Corporation, 
peered over his desk with oil-burner eves, 
His compuiny was one af the first to charee 
aheac with a bold and costly commercial 
shale operalion 

How much would shale ov] cost when his 
plant begins producing in 1985? 

“Cheaper than petroleum,” came the op- 
timistic reply. “Onl's getting expensive to 
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find. With ol shale vou never hitadry hole.” 

| headed off for Dr. Hammer's bonanza, 
hidden away mm Coloraclo’s Piceance Creek 
Basin, an outback of piften and sage and 
Neeting mole deer 

lhree skvscrapers reared from a pion 
plateau. Beneath them plunged three mine 
shalts, the largest at big around as a house, 
and all eventually reaching 2,000 feet cleeps 
From those shafts. miners soon would dig 
outward, creating a network of tunnels 
hetween towering blocks of standing rock, 
each balfa city block in size (pages 78-9) 





4 Labvrinth Built to Be Destroved 


Looul 985, when mules of tunnel carve a 
subterranean city of rock, enrineers will sv 
tematically charge each block with high ex- 
plosives and shatter it to rubble. After each 
block is blasted, they willignite the topo! the 
rubble. As the kerogen in the rock smolders 
downward like the fire of a stubby cigar, the 
heat will drive off ol, and pumps will draw 
it to the surface to be (Transported to reliner 
ies aticl then blended with conventional riaLs- 





olin’ and chresel fuel 
Wall thes SiLranee-seteming lec que 
work? “The key,” said a DOE official wha 


monitored Occidental’s years of experimen- 





lation, “tin the blasting—olbtaining the 
right-size rubble to get a uniform burn. It's 
anew and cithcull art.” and when Orci- 
dental and its new partner, Tenneco Oil 
Company, hit foll stride, each day 95,000 
barrels of oul will flow from underground 
rétorts and [rom excavated ore processed 
on the suriace 

At least two chozen other shale venturers 
in¢luding Exxon, Gulf, Union, and Stan 
dard of Indiana, have taken the plunge into 
shale ou, or stand ready to leap, many with 
their own extraction processes. Most will 
cmploy conventional miming and cook out 
the ofl in surface retorts that resemble oil 
refineries. This technique is expected to 
produce the bulk of our shale oil. Union Oil 
Company, which has expenmented with 
shale for 40 years, already ts ¢recting the first 
unit of a plant that by 19835 will produce 
10,000 barrels acayv, and ultimately 50,000 

We'd have more activity.” said Paul 
Petzrick, director of DHOER’s Shale Resource 
ipplications Office, “except that about 80 
#15 federalls ah nec 





percentol western sha 


tee 


= 
(ab 
a. 
ey 
= 


Y 


me | 


Pr 


Miah 





ant government leasing has moved slowly. 
Further, feceral faws restrict the number of 
projects a company can be involved in—a 
case of government's left hand impeding 
what the nght hand ts trving to do,” 

Opponents of these claims observe that 
existing leases are sufficient to meet national 
production gouls, and thal restraint is advis- 
able until shale development’s environmen- 
tal elfects are known. 


A“Little Guy” Vies With Big Oil 


In this high-stakes game, is there room for 
what started as a mom-and-pop outfit? To 
find out, I drove deep into Utah's shale land, 
to the small trailer camp of Geokinetics Inc. 

“Anita and J first came out withourvoung 
sans, two helpers, and our tents,” recalled 
Mike Lekas. “Good shale lies close to the 
surface here. We devised a way to rubble it 
without sending men underground. 

“Winter caught us that first vear, but we 
finally rubbled a small area a few feet down. 
We drilled a fire hole at one end.and 2 shal- 
jow well at the other for bailing out oil, if 
there was any. Then we dropped in some 
burning coals and stood by with a bucket. 

“Ohl began to trickle into the hole, then 
flow. We dipped out a bucket of it, parth 
mixed with melted snow, and then filled an- 
other and another—an incredible success.” 

Supported by DOE grants during its ex- 
perimental work, Geokinetics already has 
fired its first small commercial retort. 

Worrtes about shale’s environmental im- 
pact loom large, >o isolated 1s this Tastness, 
so pure is its aur, that the hand of man tmevi- 
tably leaves a scar. 

Air pollution is a big concern. Mining and 
transport will create dust; ore processing 
will emit hydrocarbons, arsenic, mercury, 
particulates, and nitrogen and sulfur com- 
pounds, with dinft ranges vet unknown. 

Plant and animal life will be affected. 

Here lives the nation’s largest herd of mule 
deer, and tt will face habitat destruction.and 
the threat of passing vehicles 

Water scarcity causes national concern 
for this semiarid region that drains into the 
much used and abused Colorado River, 
Large amounts will be necessary tor ore pro- 
cessing, land reclamation, and the thou- 
sands of laborers and families who converge 
to build shale plants. Development could 
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also aggravate the nver's salinity problem 

Unsurprisingly in this controversy-ridden 
watershed, estimates on water availability 
vary widely, from enough to sustain a pro- 
duction of 500,000 barrels a day te as much 
as 2,000,000, 

The amount of shale mined would be 
cnormous— 100,000 tons a day for an aver- 
ave plant. Complicating the problem of dis- 
posal, processed shale expands about 20 
percent in volume—the so-called popcorn 
effect. Plans call for these voluminous tuil- 
ings to be pushed into canyons, compacted 
to prevent feaching, and revegetated. Other 
tvpes of seals are planned for underground 
retorts toprevent leaching of toxins by water 
percolating through the burns. 

From the outset, the boom has been moni- 
tore] by the Environmental Protection 
Agency, DOE, and state agencies; on feél- 
erally leased lands this scrutiny has been 
coordinated by the Area Oil Shale Supervi- 
sors Office in Grand Junction, Colorado 
Occidental submitted 74 volumes of envi- 
ronmental reports during years spent tn 
obtaining various permits. Observes Thom- 
as Ten Eyck, aformer state director of natu- 
ral resources and now vice president of Rin 
Blanco Oil Shale Company, “This will be 
the first major industry on earth to be 
plugged into environmental concerns since 
the day of its conception.” Yet uncertamty 
will remain until commercial operations 
actually begin. 

Coloradans in Rifle, Meeker, and other 
small towns fringing shale country brace for 
the “boomtown syndrome,” the inevitable 
influx of thousands of construction workers 
and families demanding water, s¢wae 
facilities, homes, roads, anc schools, 

“Above all.” I often heard, “we've got to 
avotd another Rock Springs.” 

The sufferings of this Wyoming mining 
town lodge like a bur under the saddle of 
western consciousness: A decade ago crews 
flocked to Rock Springs to work mines and 
build the huge Jim Bridger Power Plant 
With facilities strained bevond the lursting 
point, families were forced to live in tents, 
crime and suicides soared, police became 
demoralized, 

“Communities need help at least two 
years before the first wave comes,” [learned 
from Dr. Camilla Auger. director of the 


Tosco Foundation in Boulder, Colorado. “If 
they don't get it, it's almost impossible to 
undo the damage." 

A second huge oil-shale deposit lies in the 
eastern U.S. Known as Devonian shale, it 
sprawlsinagreat U-shaped formation from 
Michican ancl Pennsylvania south to Ala- 
bama. Although eastern shale vields less oil 
per ton than western, the enormous deposit 
is believed to hold.a trillion barrels 

A retort designed for lean eastern shales 
has been developed by the Institute of Gas 
Technology in Chicago. Known as the Hy- 
tort process, itextracts the oil ina hydrogen- 
nich atmosphere that coanes as much as 23 
gallons from each ton of shale, Both eastern 
and western shales may someday be extrarct- 
el by heating the rock with racio waves or 
microwaves until the oil hqueties 

In remote north-central Alaska, the na- 
tian boasts a third oil-shale deposit. Sketchy 
reologic reports show it to be vast, and ten- 
Lalive assays indicate a wile range of ol con- 
tent, from a few gallons a ton to saturated 
ores that test at 192 eallons. 

How much oj] can shale deliver and 
when? DUIR’s Paul Petzrick believes that, 
With luck, westernshale could meet the 1992 
shiale quota set by the povernment—i00,000 
barrels a dav—and that its cost would no 
exceed that of conventional crude. By the 
year 2000 some seé a possibility of millions of 
barrels a day, the limit being set by water 
and environmental considerations. 


Coal Liquids Fueled War Machine 


W hen German planes roared aloft late in 
Worl War T1, they burned gasoline made 
from coal, Even German“ butter” was asvn- 
thetic made from coal 

Behind this technology lay nearly a cen- 
tury of intensive research in Europe and 
America. In the 1800. chemists chscoveredl 
that coal’s complex molecules of carbon, 
hvdrogen, and oxygen contained the build- 
ing blocks of nature, capable of being re- 
arranged into thousands of useful products. 

(oerman scientist: observer that coal erf- 
fers trom oil primarily in that it contains less 
than half as much hvdrogen. Working with 
catalysts at high temperatures and pres- 
sures, chemist Friedrich Bergius succeeded 
in adding hydrogen to coal until it liquefied. 
He won the 1931 Nobel Prize in Chemistry. 


Two other Germans, Franz Fischer and 
Hans Tropsch, discovered a catalytic pro- 
cess for converting familiar coal gas inte 
howid fuel. A dozen Rergius plants and a 
smaller number using the Fischer-Tropsch 
technology provided Germany's smorgas- 
bond of coal products in World War I] 

Atwars end the U. S. government orga- 
nized a team of more than a hundred srien- 
hists. headed by Dr. Wilburn C_. Schroeder, 
lo uncover the secrets of Gérman synfuel 
technology. Probing bomb-damaged plants 
and laboratories, they browght back 175 
tons of documents, now under study at Tex- 
as A & M University. The Bureau of Mines 
built two coal 
hawetaction plants 
at Louisiana, Mis 
sourl. Supervised 
by Dr. Schroeder, 
they made a costly 
fuel that 
fully powered a 
diesel locomotive. 
When the tide of 
Middle East oil be- 
gan its surge in the 
carly fifties, the 
Missouri plants 
shut down. 

In 1950 South 
Africa sought to 
ease its depen- 
dence on forenen 
ol by building 
a 10,000-barrel-a- 
day plant based 
on the Fischer- 
Tropsch method. 


SUCORSS- 


Halfa pint of oil fies locked inshale book 
ends polished by a Colorado lapidary 
Dark bands indicate rich ore 


Alchemy on an awesome scale converts 
coal into 55,000 barrels of transport fue! 
and other products each doy at a South 
African plant known as: Sasol Two (fol- 
lowing pages), Several United States 
companies plan similar facilities, while 
the Department of Energy focuses on 
development of three: competing coul- 
liquefaction processes. 
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Three years went into construction, and five 
more into ironing out defects in the complex 
refinery, known as Sasol, 

When the 1973 Arab oil embargo struck, 
South Africa launched Sasol Two, with five 
times the capucity of its predecessor. Cover- 
ing more than'a square mile of treeless high 
veld near Johannesburg and just now begin- 
ning operations, it is one of the largest com- 
plexes ever built. 

A rising sun was turning back the covers 
of the African night when I saw this colossus 
of industry, Set amid fields of corn and cal- 
tle, it seemed a surrealistic cityscape, plant- 
ed by advanced beings from another planet, 
An §40-foot exhaust stack towered over tur- 
retlike cooling towers with hourgiass waists 
and a phalanx of huge gasifier vessels that 
stretched a quarter of a mile. A thousand 
miles of piping enmeshed Fischer-Tropsch 
reactors. Truly, here stood the citadel of the 
great god Energy. 

Today the Fluor Corporation, U.S. con- 
tractor for Sasol Two, is building vet a third 
one. When all are on line, they will yield a 
major part of South Africa's transport fuel. 
A steady procession of energy pilgrims from 
industrial nations—oilmen, coal men, ane 
eovernment officialse—-visits these awesome 
temples to behold a vision of the future. 

In contrast to South Africa’s bold march, 
the U. 5. government until recently directed 
its effort toward research. This focused on 
three techniques that convert coal without 
passing it through a gascous state—idapta- 
tions of the Bergius technology 

One process, developed by Gulf Oil and 
others, soon will be tested in two gigantic 
demonstration models, cach designed to 
produce the equivalent of 20,000 barrels of 
ol a day. A model under construction at 
Newman, Kentucky, will convert high- 
pollutant coal into liquid and solid boiler 
fuel that will be low inash and sulfur, [f suc- 
cesstul, it will scale up in 1990 toa giant fuel 
factory producing an equivalent of 100,000 
barrels a day, The seconel, at Morgantown, 
West Virginia, will convert coal into syn- 
thetic crude of] for refining into gasoline, 
diesel, and boiler fuel. 

Asecond process undergoes tests at a pilot 
plant in Baytown, Texas. Developed by 
Exxon, it includes among sponsors two oth- 
er oil firms, DOE, Japanese and German 
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interests, and the Electric Power Research 
Institute in Palo Alto, California. 

The third process on which DOE pins its 
hopes originated at the Dynalectron Corpo- 
ration, Harnessing Germany's World War 
H experience, a Dynalectron subsidiary de- 


veloped a catalytic process that forms the 


heart of a large pilot plant operated by Ash- 
land Oil in Catlettsburg, Kentucky. 

Catalysts and coal still make magic. Ina 
landmark discovery a Mobil Oil Corpora- 
tion process transmutes methanol, an ines- 
pensive alcohol that can be derived from 
coal, into water and high-octane gasoline. A 
pilot plant to test the new Mobil M process is 
now being built in Germany, and New Zea- 
land has selected the technique lor convert- 
ing immense reserves of natural gas into 
pfasoline via methanol. 


Hazards of Coal Are High 


Far more than shale, coal causes concern 
about effects on human health and safety. 

Rach vear U.S. coal-mine accidents 
claim more than & hundred lives, Further, 
many hydrocarbons can cause skin cancer 
upon prolonged contact, and these agents 
are especially prevalent in coal. A coal- 
liquefaction pilot plant in West Virgimia, 
operated in the 1950s by Union Carbide, ex- 
pericneed a high occurrence of employee 
skin cancer. A DOE survey contends that 
the risks, though real, are controllable. 

What of coal’s threat to air and water? 
Coal emissions contribute to emphysema, 
lung cancer, and other respiratory diseases, 
toa degree that still challenges accurate cal- 
culation. Sulfur compounds emitted by 
burning coal are one cause of acid rain, 
which kills aquatic life, stunts vegetation, 
andl corrodes structures, 

Coal burning is a major culprit in pump- 
ing carbon dioxide into the atmosphere. 
which, some experts maintain, 6 creating a 
greenhouse effect. They fear a planetary 
warming that will change weather and agri- 
cultural patterns and melt polar we caps 
enouch to raise the ocean levels. The federal 
government has launched a five-year study 
to define the threat. 

As to whether a coal synfuels boom will 
magnify these hazards, scientists still lack 
enough information for a judgment. Inevi- 
tably, arcas in which plants are located will 


feel theirimpact, But the use of coal synfuels 
could have positive effects for the regions in 
which they are burned, 

“The making of coal svnthetics;” ex- 
plained Dr. Joseph Yancik, vice president 
for research of the National Coal Associ- 
ation, “requires the capture of almost all 
pollutants; otherwise they ‘poison’ the cata- 
lvsts. To the extent that the nation’s coal- 
burning facilities switch to synfuels, air pol- 
lution will be reduced.” 

Why haven't synfuel plants moved from 
the drawing beards inte coal country? 

A major roadblock is cost. While many 
experts believe shale oil can be cooked from 
rock for roughly the price of crude, coal's 
elaborate alchemy raises the cost to levels no 
one is quite sure of. Most estimates place it at 
one and a half times to twice the cost of oil, 

With investments so high, industry leae- 
ers often raise the specter of “predatory pric- 
ing.” What if they invest billions and then 
OPEC lowers prices in an attempt to snuff 
out the infant industry? No firm, no matter 
how large, could survive a synfuel plant sit- 
ting idle, producing no revenue to help pay 
back the colossal costs of construction. 

Recognition of these problems led Con- 
gress to create the Synthetic Fuels Corpo- 
ration, with its production goals and 
assortment of financial inducements and 
cushions. To the tune of 20 billion dollars 
spread over four vears, with as much as 68 
billion more to follow, the SFC will offer 
loan atid market guarantees as well as ar- 
rangements for cost- and profit-sharing. 

Other obstacles surround the process of 
permitting—obtaining the permits required 
at every level of government in order to 
locate a plant. Permits are designed to pro- 
tect the public, and for most industrial proj- 
ects they can be obtained in one or two vears. 
But permitting can get out of hand, as was 
the case when Sohio oil company soucht to 
build a needed West Coast tanker port and 
pipeline. 

With Alaskan oil glutting West Coast re- 
fineries, Sohio proposed to pipe this oil to 
Texas, with its vast refining and distribu- 
tion system, After five years of bureaucratic 
struggle, Sohio had spent 35 million dollars 
and secured nearly 700 permits, but still 
lacked approval, In 1979 it abandoned 
the project, ironically proveking a torrent 


of criticism from government officials, 

Despite this daunting array of obstacles, a 
few companies are at the starting gate to 
launch coal synfuel plants. Several hove 
plans for gasification plants, less msky and 
expensive than those for liquefaction, 

Kentucky, with abundant coal and wa- 
ter, and a welcome mat for job-producing 
industry, is attracting liquefaction plants. 
Texas Eastern Corporation plans a Sasal- 
type facility. Ashland Oil is forming a con- 
sortium fora §0,000-barrel-a-dav plant, and 
W. RK. Grace & Co. plans a giant facility 
using the Mobil M process. 

Action also 18 stirring among a powerful 
coalition of western Indians, Members of 
the Council of Energy Resource Tribes own 
15 percent of the nation’s minable coal. 
Already Montana's Crow Indians are con- 
sidering a gasification facility. 

What can we expect in the way of produc- 
tion? With no commercial plants yet under 
construction, the flow cannot start for al- 
most a decade. Projections for 1990 range 
widely, from a modest 150,000 barrels a dav 
to as high as a million. 


Tar Sands Abound 


Scattered about the continent in ages 
past, ancient lakes and inland seas left 
deposits of organic materials encased in beds 
of sand. Over the cons these formed hydro- 
carbon deposits known as tar sands. 

“About 550 deposits have been identified 
in the United States," explained Leland C. 
Marchant, tarsands project manager for the 
DOE Energy Technology Center in Lara- 
mie, Wyoming, “Significant deposits occur 
in California, Kentucky, New Mexico, Tex: 
as, and a few other states. But 80 percent of 
aur tar sands—about 29 biilion barrels— 
occurs in Utah.” 

That's where most of the action is. 
Though it will never be overwheiming, tar 
sands have a future. “We've extracted bitu- 
men, the hydrocarbon in tar sands, using 
two experimental methods,” said Mr. Mar- 
thant. “One used an underground burn 
similar to shale retorting. The other injected 
steam underground to liquefy the bitumen. 
We might see 60,000 barrels a day by 1990, 
and maybe 700,000 by the vear 7000." 

Immense tar sands deposits, holding an 
estimated trillion barrels of oil, lie in the 
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Fields sprout fuel tanks in Brazil (right), 
where soaring petroleum costs spur the 


conversion of sugarcane into ethyl aicohoal 


for making gasohol, In the U.S. 
made lorgely from corn spreads rapidly as 


rate ame ! 
pg Ea 


a posoline extender 
With $1, 100in parts and lobor (below), 
the president of California's Future Fucis 


of America converts ad Ford to nmin on 


straight methyl, or wood, alcohol 





Canadian province of Alberta, Two large 
facilitves extract the ou. Chev, towether with 
south Africa's ooal-converting Sasols, are 
the vanguard inthe measured march toward 
evniuels, 

When experts talk of svnfuels, they often 
include two sources of oil that are extracted 

uch like tar sands 

One is heavy oil, petroleum so thick it 
must he houetied underground, usually bs 
injecting steam. The U.S. resource 5 
huze—about 75 billion barrels—with the 
major portion in Cahfomia. 

Today California fields yield 300,000 bar 
rels a day of this costly oil, anc rising prices 
could see the level climb to 800,000 by 1985 
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Production could soar with the intron 


of experimental submergifie steam gener- 
ftors able to tap deep-lving deposits 

The second source is conventional oil left 
behind in abandoned wells, Normally, pri- 
mary and secondary extraction recovers 
only 40 percent of the oil. The residue holds 
promise, with new and expensive technol- 
ogy known as enhanced oil recovery. This 
includes sending down detergents or liquid 
carbon dioxide to dislodge and mix with the 
in a year or two the oil-rich mix can be 
pumped to the surface for sparation, An- 
other approach under study is oil “min- 
ing"—digging shafts along the bottom of 


formations to dram the residual oil 


oil in 


Delay and frustration may plague most 
sevntuels, but one has bounded off to a jack 
Gasobol, a mix of unleaded gas- 
oline laced with one-tenth alcohol, offers a 
tonic both for the auto and the farmer 

“Alcohol is sunshine in liquid form,’ 
claim enthusiasts, Thousands of gasoline 
stations now sell gasohol. [dle breweries and 
whiskey distillenes find new markets: one- 
time. moonshiners respectabls 
their expertise; and scores of companies 
many woefully short on experience—ofter 
to build plants of all sizes. 

sunshine aplenty baked the corn belt 
when | touched down in central Llinois 
In rows of rich green plants, solar ener 
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worked the silent miracle of photosynthesis. 
transforming water and carbon dioxide into 
carbohydrate, channeling it to 
ears. Soon that corn 

trucked toa brown building I yisited on the 
outskirts of Springheld. Inside, exhaling a 
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l was ingesting corn 
of & previous season and extracting stored 
sunshine as et hv! aleahel. orethanol! 

“This is a community-size distillery,” 
boomed Alvin AT. Mavis, president of the 
National Gasohel Commission, “It makes 
ons a day, It also leaves a mash that 
contains every ounce of the corn’é orivinal 
protein, for use as livestock feed supple- 
ment. There's room for a thousand of these 
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listilleries in the state of Dhinois alone ipod, causing inflated) grocery prices; 


“To understand the alcohol movement, study by the Office of Technology Assess- 
aaid the man whois one of its mainspring= ment finds that food prices could feel intia 
“vol must understand its economics. Runa tonary pressures when alcohol production 
bushel of com through a stul, and vou get from farm crops reaches two billion gallons 
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Ll hese CCOnAMCS Aare WATT, disputed nee ti tea con yVert our ga line to 2a h i| 
Fo make alcohol peofitable for distillers 
large and small, federal and stile tax incen- 
tives create a hefty subsidy, New, fuel Vleanwhile, Brazil has boldly commutted 
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Today methanol 1:made from natural gas 
and usec largely for making plastics and sol 
vents. But the technology exists to make tt 
from. biomass and coal, two of our most 
abundant resources 

If methanol finds a birthplace as auto- 
motive fuel, it probably will be California, 

“Tl became interested while looking for 
clean-burning fuels to relieve the smog prob- 
lem,” recalled Professor Richard K. Pefley 
at the University of Santa Clara, “Fora dec 
ade now we've successfully run a small fleet 
on methanol 

“Converting a gasoline-powered car to 
methanol isn't complicated—a few changes 
in the carburetor and manifold plas a hand- 
ful of corrosion-resistant seals, As for per: 
formance, methanol is wav abead—more 
power and faster acceleration. The main 
drawbacks aré difficulty in starting in cold 
weather, which can be cured with fuel adcli- 
tives, anc-a low energy content—about half 
that of gasoline—which is partly offset by 
methanol’s high octane 

“The problem ts the old chicken-and-egg 
syndrome. Nobody's going to make metha- 
no! automobiles until there's methanol tn 
the fuel pumps, and nobody's going to put it 





Testing one for the road, ¢ scientist at the 
University of Santa Clara. in: California 
(far left) monitors a lobater’s heartbeat fo 
determine the ecological effects of spills of 
etiyl and methyl alcohol Findings -indi- 
cute far less damage than from petroleum 
spuls. The alcohols also couse less air pol- 
lution. than do petrolewm products, al- 
thouen they emit aldehides whose effects 
ore tll unknown 

Common weeds yield crude off at Native 
Pinnts, Inc. (left), a biological laboratory 
in Salt Lake City, Utah. Gloss extractors 
help measure yields of two pronusing pe 
Prolewm producers: milkweed, foreground, 
and gopher plant 


Behemoth with fangs of steel scoops > 
ail-nch sand of Synicrde Conodu Ltd. 
(following pages}, one of bvo. imme;nse 
facilities: processing Canada’s forned 
Athabescta tar sands, U.S, tar sands de- 
posits, largely in Utah, hold more otf than 
OL reserves oF crude (LAAT TH ETT 


In the pumps until there are cars to use it.” 
A vicious cycle indeed. I found a Califor- 
niin, however, who is setting out to be both 


chicken and ecg 


“That's the idea,” said Charles L, Stone 
as the onetime aerospace engineer wiped 
grease from his hands in his workshop 
near Sacramento. “Cm approaching people 
who operate. vehicle fleets, firms like 
Bank of America, Pacific Telephone, and 
McDonnell Dougias that store their own 
fucl and that depend on mobilitveven inthe 
worst gas crunch. | contract to provide them 
with methanol cars converted here in the 
shop, and with methanol at 79 cents a gal- 
lon, And T warrant that each car will co as 
fearon three gallons of methanol as it will on 
two gallons of gasoline. although I expect 
them to perform much better soon." 

How can he, when methanol has only half 
the energy content of gasoline? 

“Remember methanol’s high 
Mr. Stone replied. "We can raise the com- 
pression ratio for more power. We also ma- 
chine our parts to extremely fine tolerances 
soon we'll have methanol cars getting the 
same Mileare they clid on gasoline.” 

(Chuck Stone also has plans for producing 


octane. 


if 
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methanol. He turned toward the distant 
Sierra, its snowy peaks holding a tattered 
white banneron the horizon. "Between here 
and the mountains lies a belt of hardpan and 
gravel that you can't plow—zooed only for 
grazing, It could grow enough eucalyptus 
trees to provide methanol for every car on 
the California highways, and the cattle 
could graze beneath them. But we don't 
need all that wood. The waste from our for- 
est operations and our cities—these can pro- 
vide a larce chunk of our methanol, The 
same can happen all across America.” 

Another methanol plan comes from Dr. 
Thomas B. Reed, senior scientist at the So- 
lar Energy Research Institute in Colorado, 
“We're developing small plants capable of 
producing 30,000 gallons of methanol or 
ammonia a day. They could be installed al- 
most anywhere, say by a local farm cooper- 
ative. Farmers and others within 15 miles 
would bring in cornstalks and other crop 
residues, municipal wastes, trash thinned 
from forests—anythiny organic. A plant 
could produce enough ammonia in 15 days 
to fertilize the surrounding farmland. The 
rest of the year's output would be methanol 
toruntractors, cars, and boilers. It's aclean, 
manageable, self-renewing system.” 

A small handful of gaseous fuels could 
also contribute to running dur cars. 

With a few engine adjustments, cars can 
be converted to run on propane gas, a by- 
product of oil refining. Methane, which oc- 
curs as natural gas, sewer gas, and gasified 
coal, becomes-a liquid transport fuel when 
stored under refrigeration. Modesto, Cah- 
fornia, is converting its city fleet to run on 
methane made from municipal sewage. 

Hydrogen, the fuel of the sun, could bea 
fuel of the future, Wherever there is water— 
H,O—there is a source of hydrogen, But 
freeing the hydrogen molecules by electroly- 
sis requires costly amounts of electricity 
Further, bulky hydrogen 1s difficult to store 
on board a vehicle, a problem scientists are 
beginning to solve. 

The winding down of the petroleum era 


couldalso mean the rebirth of the clean, low- 
maintenance ¢lectric vehicle, or EV, 

For almost a century this appealing auto 
has been hobbled by the limited perfor- 
mance of the batteries that store its electric 
energy: heavy, expensive, short-lived, 
capable of trips of only 40 or 50 miles. 

Last year both Gulf + Western and Gen- 
eral Motors announced breakthroughs with 
hatteries that may double today's driving 
range and greatly increase the number of 
recharges possible. General Motors plans to 
be producing EVs by the mid-eighties, 

The Department of Energy is encourag- 
ing research on vehicles known. as hybrids. 
These electrics carry a small gasoline engine 
to increase the EVs range. 


Syntuels Future Still Uncertain 


In an emerging industry with the almost 
limitless possibilities of syvnfuels, cananyone 
foretell the future? 

Some environmentalists fear they can, 
and they object Says Kevin Markey of 
Friencds of the Earth: “Synfuels are not a 
good investment, environmentally or eco- 
nomically, compared with conservation, 
and should be approached cautiously.” 

From the opposite direction, strong 
voices cite the nation’s dollar-draining 
dependence on oil imports and the strategic 
need for greater energy independence. 

Others see pitfalls in too hasty a plunge. 
“If we go too fast,” savs Edward W. Mer- 
row, an energy analyst forthe Rand Corpo- 
ration, “plants will cost more, they'll be late, 
and they'll have problems. And if this hap- 
pens, we fail to signal OPEC that there's an 
upper limit to what it can charge for oil,” 

Asto how many barrels will be produced 
when, and of what, the crystal ball obyious- 
ly is too cloudy to tell. But shale oil, coal liq- 
vids, and alcohol seem to be on the way. 

In Brazil, a knowledgeable manager of 
the giant Volkswagen works observed that 
America’s energy future is complicated by 
the confusing variety of choices that lies be- 
fore us. It's nota bad problemto have. [J 


Designed to be as scary as o scarecrow con be, un apparition sets sail on an oily tailings 
pond at the Athabasea tar sands. At ite feet rides a propane connor that booms twice a 
minute. Thisrig and.a hundred replicos successfully deter birds from alighting on water 
polluted by processed sand. Environmental threats pose a primary obstacle to synfuels, 
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Trains outof Wyoming, once packed with / 
bellowing cattle, now rumble dayand*. — 
night hauling silent.coal from a high Maik 
rangeland that sits on 50 billion tons, 
a big chunk of America’s energy future. 
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VESTION: Why do the ranchers 
here fo around in tennis 4hoes? 


AS We! 
apatt from al] the coal miners 





So vou Can tell them 
wearing cowboy boots. 

This cynical explanation forthe profusion 
of fan ‘ tooled leather boots and other cow 
bov gear th Gillette, in the heart of Wvo- 
mings Powder River Basin, ref 
revolution, Gillette, once a cattle-loading 
stop on the Burlington vorthern rauroad, 
is now a@ steamed-up energy boomtown 
Tapidiy shedding its cow-town past 

But out in the lonely reaches along the 
Powder River, ranchers are trying to hold to 
old wavs and values in spite of stunning 
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change. On hus 11,000-acre ranch, shirt off 
mut with sweat-atained cowboy hal on | 
back of his head, Ed Swartz tugged, pulled, 
and finally vanked a calf into the world 

“We were touch and zo there for a min- 
ute,” he said over his shoulder, as the call tay 
panting next to its mother on the barn floor 
‘He's an awful 
sucha little heifer.” 

It had been several vears since I lust saw 
Ed, a third-teneration cow- 
boy. At first glance not much had changed. 
Otherheifers, swollen with their first calves, 
watched from their pen. But the peacetul- 
ness of Ed’s ranch, with its tiny drama of 
new life, made a sharp contrast with the 
larger drama taking place around us 

After a century of comfortable isolation, 
walled off by the Bighorn Mountains on one 
cide and the Black Hills on the other, the 
rumpled, lonely plains of the basin’s cattle 
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19-year-old, 


country have been caught up in a massive 
energy boom. A dozen strip mines gape new 
and raw against praine dusted blue with 
flowering lupine, A mile-long coal train cuts 
through grassland where no track existed 
two years before. (nce sleepy ranch towns 
swell with thousands of miners, construc- 
tion workers, railroacers 

And more, much more, to come, Another 
20 coal mines are planned, waiting for the 
call for more coal from Chicago, Houston, 
Tokyo. Slurry pipelines may use billions of 





gallons of precious basin water to carry that 
cowl South ane west Halt s coren bilion- 





dollar svnthetic-fuel plants may rise lo con- 
vert Powder River coal to ol 
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Replacing the lost cowbovs are the energy 
boomers slike Afart Vuill, ; 4 YOunE Woman 
idrew admiring vlances from the male 
diners in the café where we wete sipping 
Colree 
“T came here last year,” she said, “to find 
work that at better greta m5. Tore &XC1ne 


than the jobs available back home;" 





“Did you find what you wanted?” 

“You bet did.” Marty said with a grin 

She gota job packing 50-pounc bags with 
blasting maternal for the coal mines. “I'm 





to it now idl Marty, “but you ought 
lo see how it shakes up the euvs ] meet 

lob seekers by the thousands have been 
POU Ine Into the basin in the nasSl lew Wears. 
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the rainbow's end. At the Northern Wv 


ming Wiental Heth (enter many CRses in 
yolve marital conilict, wife and child abuse, 
and alcohol problems 


{ oping With Hoon Tinmies 
(rilletie’s Mawor Mike Enzi disputes that 
floomy gésessment, “Weve got probleme all 


nicht, but mest have been blewn ut of pro- 
norton. We've been culled the bhabyv-ubuse 


capil which just isn't true” On the wall of 
his office isa plaque with the city’s offic 

and preferred—title: Linergy Canital of the 
ation, Gitette has grown from 4,000 peo 
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‘it cLrather talk about present-day positiv: 
solutions than histoncally negative prob 
ems, Mavor Bnei continued. “Nobod 
PYETIMENDOnS OWS 2LAs teas al] tears. | her 
ire more baseball players than occupants of 
all the bars mn the county.” Furthermor 
sincethe micl-seventies, Gillette has expand 
cd its electrical OWED, Sewhee (treatment, 
Water supoly. and roacs. [Che ratio of new 
th Imes to mci bl c how MWnigisnow &oouleven 

With Joe Hamner, president of the Carter 
Mining Company, I visited one of the ba- 
sins busiest strip mines, (Carter, a division 


of Exxon Coal, has invested more than 14 
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hinerant furniture store soon moved ufone 
to the oll fields, where the young workers 
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million dollars in its Rawhide and Coballo 
coal mines. In 1979 the two mines shipped 
4.7 million tons, and by 1990 could be pro- 
ducing 36 million, 

“We tell our workers we will be here dig- 
cing Coal for the next 30 or 40 years,” said 
Hamner in a deep east Texas drawl 

At the Rawhide Mine there is so much 
coal that the electric shovels and 180-ton 
belly dump trucks with their ten-foot tires 
are tovs against that massive seam. Mine 
manager Pete Erickson explained that the 
mine will follow the coal seam across 6,000 
acres of ranchiand, 

As the miners open up new sections of the 
seam, they will fill in the mined-out pit be- 
hind. “Five vears from now this hole will be 
restored to its original condition—nunus the 
coal, of course,” Erickson said. He pointed 
toa gentle grase-covered slope where a cou- 
ple of antelope grazed, “We reclaimed that 
hill,” Erickson said proudly, “But some 
folks still argue it can’t be done.” 

(in the other side of the fence, so to speak, 
are ranchers and environmentalisis like Ro- 
land Landry, who warn that, with a dozen 
operating strip mines and more to come, the 
large-scale disturbance of the prairie will 
leave apermanent sear. Landry helped form 
the Powder River Basin Resource Council, 
most of whose 600 members look skeptically 
at claims by Exxon, Arco, and others that 
mines can be permanently reclaimed. 

“This is delicate country,” Laney said. 
“The reclamation looks great—now, But af- 
tera couple of drought years and heavy graz- 
ing, it could be right back to moonscape.” 

The basin’s coal was ignored until recent 
vears because the basin itself was ignored. 
Westward travelers in the 19th century 
skirted it and the treacherous Bighorne 
when they could. Those who did pass 
through—mostly along the Bozeman Trail 
towurd Montana's goldfielis—noted fine, 
dark sand resembling gunpowder along the 
riverbank—thus the name Powder River. 

It was not unti] 1892; when « railroad 
crossed the basin, that the importance of its 
coal was recognized. The railroad tapped 
deposits near Sheridan to fuel its engines. 


Mining camps sprang up filled with Poles, 
Hahans, and rish, whose descendants min- 
ele with the children of English and Scottish 
ranchers on the streets of Sheridan today, 
The Burlington Northern burns diesel 
fuel today, but it hauls a ot of coal—about 
$0 million tons in 1979. [swing aboard coal 
train number 50-45, a line of 110 orunge- 
and-black hopper cars, each holding 105 
tons. stretching out of sight around a bend 
three-quarters of a mile back. The train, 
pulled by six engines, was bound for Hous- 
ton; its 11.550-ton load would provide as 
much electricity as that city uses from all 
sourcesevery ten hours. By 1983 this stretch 
of track could be one of the busiest in the 
country, carrying 30 coal trains daily, 


Opposition or Control? 


Such booming prospects alarm old ranch- 
ing families. Near the quiet community of 
Buffalo (population 3,800), Texaco and Mo- 
bil want to build synthetic-fuel plants. One 
evening | spent several hours in the base- 
ment of the Buffalo Congregational Church 
listening In on a stratezy session culled by 
opponents of the proposed plants. 

A schoolteacher, a forest ranger, several 
ranchers, amd perhaps three dozen other 
people attended the meeting, The impact of 
the energy projects on the area would be 
enormous, they said: a work force of 10,000 
to build the two plants, several billion gal- 
lons of water to runthem, and potentially se- 
rious pollution that could drift into the 
nearby unspoiled Bighorn Mountains 

Ssull, | wondered, what chance did 40 
people have of halting a project of this mag- 
nitude? | asked Wyoming's U.S. Senator 
Malcolm Wallop, whose ranch sprawls into 
the foothills of the Bighorns afew miles from 
the site of Texaca's proposed project. 

“Tl doubt there’s much that can be done,” 
he said, “Sacly, the time spent trying to stop 
development is perhaps wasted. It could be 
better used to control the rmpact. 

“People of Wyoming have never given 
ground happily, But today we have to give 
ground because irresistible changes are 
coming to this part of the West.” 


The paths of glory—cattle glory or oil or coal glory—still lead but to the grain. 
Generations of boomers will poss before Powder River coal lights its last lamp. 
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de WORSENING: ene rir 
a situation of the past dec id 


reminds me of the farmer whose 
mule wouldn't butze. A helpful 
nevghbor struck the animal a 
tarring blow between the cyaks 
with a post, explaining, “First 
TOU Vt got to fet his attention.” 

The 1973-74 oi] embareo by 
the Arabs was the blow that got 
nur atléntion. OPEC quacru 
pled the price of crocde oll, and 
the price of gas shot wp—when 
we could find a station open and 
hac the time to wait mn line 

We Were inconvenienced 
then. But the long-ranve effects 
have been clevastating. Unem- 
ployment it up. The dollar j< 
down. Qurautomobile indtstre 
In COnVUlsioOns 

Heing from Missouri and fa 
miliar with mules, | know all 
too well that getting their atten- 
tion deesn't mean vou Can gel 
them moving 

Likewhe we will ned more 
than ashock to get our economy 
moving ahear And overcome 
our dependence on foreign ener: 
ry. [his will réguire more con- 
certed effort than our entire 
Mmoeon Program. Loonseérvation 
and int rensed efficiency offer 
the only reasonable tnumecdigte 
relie!, but this must be accom 
panied DY an imaginative and 
thoughtiul development of new 
and alternative eneres SOITCES 
and i massive retool ne of af 
wing industrial complex 

ht will not be easy. Tt will not 
be cheap We have the Know 
how: We have t a” Taw MAeri- 
us. As with @ sui cessful mute 
SRIF, the Mast important 


thing ts. do we have the will? 
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